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Abstract 
Investigations undertaken on h e  tnua~nissio~~ of three tlirips species of groundnut 
viz., Thrips pnlmi, Frir~tklinirllr~ schulrzci and Scirlu/hri/J,s d~~rsolis under lahorntory 
conditions at ICRISAT Asia Center from 1090 to 92 showed that only T.  ppoinii a)uld 
transmit peanut hud necrosis virus (PBNV) of gn~undnut in Indi;~. T. pillmi wuld acquire 
the virus in tile Iml stage, hut only transmit it m adults. Male aid fe~nalc adults 
transmined tlie virus wid1 equal efficiency. Maxi~nun~ traismission (IWW) was recorded 
when 10 adults were releaed per plant. T. palmi hiled to trans~nit an isolate of PBNV 
which was maintained continuously hy ti~echanical irioculation for two years under glass 
house conditions. T .  palmi larvae acquired Uie virus in 5 minutes acquisition access penoil. 
The adults needed a minimum of I hour inoculation feeding period to tnrismit the virus. 
The majority of the adults have transmitted the virus for more than half of their life period 
and Ule virus w a  found to be persistent in Uie vector. The optilnu~n teliiperature for 
reaing the vector was 25% Cowpea was found to he Uie best host for rearing and 
lnultiplication of T. paimi under lahorntory conditions. 
Field studies conducted at Rajendnnagar on PBND resistanf/susceptihle gmundnut 
genotypes during the rainy seasons of 1991 and 92 indicated that PBND susceptible 
genotype (JL 24) had more nlunber of T. palmi than field resistant genotypes i.e ICGV 
86031, ICGV 86388 aid ICGV 86430. Crop plants such a hlackgran. greengram. cowpea 
and soybean, most of the cucurhitaceous vegetables and some of the most common weed5 
in groundnut fields (Parthcnlum histerophorus, Cassia roru. Ageratum cunyzoidrs and 
Commrlina bengalensis). harboured Iwge numbers of T. palmi. 
BNTRODUCTION 
CHAPTER I 
INTRODUCTION 
Groundnut (Aruchis hypojiaru L.) is one of the prilicipal crops of the world 
which is cultivated on 20.4 million hectares. In India groundnut is grown on X.5 
tnillion hectares contributing to 55 per cent of the total oil seeds production. 
Though India ranks first in the world both in area and total production, it ranks 
eighth in (700-X00 kg ha.'), which is below the global average 
production (1000 kg ha.') (FAO, 1992). 
Several biotic and abiotic stress factors are known to be responsible for low 
productivity of groundnut in India. Insect pests conmbute to the yield loss both 
directly as crop pests and indirectly as vectors of viral diseases. 
Groundnut is attacked by many viral diseases in India. Of them peanut bud 
necrosis disease (PBND) is considered to be the most important one. PBND was 
first reported from India by Reddy ct (11. (1968) on groundnut. Causal agent of 
PBND was reported to be tomato spotted wilt virus (TSWV) (Ghanekar rt  ul., 
1979). However recently it has been shown that the causal agent of PBND in India 
is a distinct tospovhs, named as peanut bud nmosis virus (PBNV) (Reddy et ul., 
1992). 
2 
The losses caused by PBNV were estimated to be 89 million dollars 
(ICRISAT Medium Term Plan, 1994-IYYX). Losses in yield resulting from PBND 
infection in the groundnut crop depend mainly on the level of incidence and 
severity of symptoms. If the infection occurs on young plant3 (less than 2 months 
old), they do not produce any pods. Yield losses decrease with delayed infection, 
plants infected nearing to maturity do not suffer much loss. 
In India until 1977, the vector of PBNV was unknown. Pre l i~~nary  studies 
made by Amin et ul. (1978) showed that the causal virus of PBND (regarded as 
TSWV at that time) was transmitted by Scirrothrips clorsnlis Hood. lo 1981 Amin 
et ul., have reported h.nnklitriellu schultzei Tribom as the most efficient vector. 
However Palmer rt (11. (IYYO) discovered the presence of Thrills yc~lmi Karny In 
groundnut and suspected its involvement in the twns~nission of PBNV on groundnut 
in India. 
Although rapid progress was made in India in the identification of insect 
vectors belonging to families Jassidae (14 viruses/Mycoplasmna-like organisms), 
Aphididae (48 viruses), Aleyrodidae (I8 viruses), Tingidae and Psyllidae (one virus 
. . 
each) (Rayachaudhari, 1977). thrips transmission was not studied thoroughly. 
Undoubtedly the small size of the thrips was one of the main reasons for slow 
progress in research on thrips as vectors of plant viruses. 
For an effective management of PBND in the field it is essential to know 
the principal thrips vector, its relative abundance, ecology and the role of alternate 
3 
host plants in perpetuating the inoculum (Mitchell and Smith, 1991). The present 
study was undertaken to 
o identify the principal thrips vector(s) of PBNV in India. 
o detennine the efficiency of PBNV transmission by various thrips which 
occur on groundnut. 
o detennine PBNV virus-vector relationships utilizing the principal thrips 
vector(s) (acquisition access period, inoculation access period, latent period 
and virus retention in the vector). 
o apply serological methods for PBNV detection in the principal thrips vector. 
o study the biology of the principal thrips vector (identification of alternate 
host plants which support multiplication). 
REVIEW OF LITERATURE 
CHAPTER 11 
REVIEW OF  LITERATURE 
2.1 THRIPS VECTORS OF  TSWV 
Tospoviruses are known to be trannnitted by thrips. Pittlnan (1927) was the 
first to establish that onion thrips, Thrips tultuci, transmitted TSWV in tomato. 
Seven other thrips species including: Fr~i~rkli~~iellu fusc , F. occihttulis, F. 
schultzei. Scirtothrips dorsulis, T. pnlnri, T. s i ~ t o s ~ ~  and F .  terruicortris have been 
established as vectors of tospoviruses (Konneliak, 1994)). Recent work on 
groundnut in India (Paltrier et ( I [ . ,  1990) indicates that Thrills pulmi can be a vector 
of PBNV. 
The currently known thrips vectors of TSWV and thrips involved in the 
transmission are listed in Table I. 
2.2 THRIPS VECTORS OF PBNV OF GROUNDNUT IN INDIA 
PBND is the most important viral diseases of groundnut in India. Unnl 
1977, the vector involved was unknown. A~nin et al., (1978) reported S. dorsalis 
as the vector involved in the transmission of the causal virus of PBND. This was 
confirmed by Ghanekar er ul. (1979). Later Amin cr al. (1981) reported the 
transmission of TSWV by S. dorsalis and F. schdtzri which were considered at that 
time as the causal agent of bud necrosis disease of groundnut. S. dorsalis found to 
Table I .  Thrips Vectors of tonlato spotted wilt vius  (TSWV) in different host plants 
Host crops 
Totnato 
Truck crops and ornamentals 
To~nato and lettuce 
Tobacco 
Aster, elnilia and tomato 
Tobacco 
Greenhou~e crops 
Vector Reference 
Thrips tabaci 
FrurrWi~~iclla occidoittrlis 
T ,  tabaci 
F. occidc~~tulis 
F ,  f uca  
F. furcu 
F ,  fusca 
T ,  tabrici tubnci 
F. occirk?,ltuIis 
Dahlia, Lycoyeraico~~, Si~lrtigiu F. occirlentulis 
and Tugctis syp 
Greenhouse crops F. occide~ttulis 
Watenlielot~ Thrips yalnti 
Gui~icu i n~yu t i e~~ .~ ,  gloxinia, 
tomato, cineraria, cyclamen, F. occidentulis 
begonia, marigold, ageratum, 
dahlia, calendula and primrose 
Groundnut F. occide~~tulis 
Cineraria, calceolaria, salvia. F. occi&~~tulis 
capsicum and Gali11sofu 
parviflom 
Anemone carorlaria, Ranunculus F.  accidentalis 
usiatic~v, Eustorna gratuliflorum, 
pepper and tomato 
Gardner ct UL 
(1935) 
Sakimura (1961) 
Sakimuri~ (1963) 
Paliwal (1974) 
Zawirska (198 I) 
Stenier and Elliott 
(1983) 
Allen and 
Broadbent (IYXh) 
Broadbent ct 
ul.(l987) 
[wdki ct (11. 
(IYXX) 
Matteoni ct 01. 
(1988) 
Stewart ct ul. . 
(1989) 
Gofflot and 
Verhoyen (1990) 
Lisa et (11. (1990) 
Host cmps Vector Reference 
Pepper, tomato, egg plant, 
broadbean, lettuce, basil, F. occide~ttalis Marchoux el a1 
chrysanthemum, aster, New (1991) 
guinea, anelnone and gloxinia 
Groundnut F. schultici Mulder ct (11. 
F .  occidc~~tulis (1991) 
F. occidottulis Rogijo and Habers 
(1992) 
Water~nelon T. pulmi Shyi-dong Yeh et 
01. (1992) 
Weeds and native plants of F. occcidentulis Stobbs ct (11. 
Canada (1992) 
To~nato and capsicum F. occide~ltalis Verhoeven and 
Roel~jolirst (1992) 
Ccipsicum o~rt~um and F. ~USC[I Hobbs cl a/. (1993) 
So~ichrrs o . ~ p o  
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be a less efficient vector than F. schulrzci. Palmer er al. (1990) discovered the 
occurrence of T. palnti in groundnut in India and suspected its involvement in the 
transmission of PBNV. 
2.3 TECHNIQUES FOR HANDLING THRIPS IN TRANSMISSION 
EXPERIMENTS 
2.3.1 Rearing Methods 
It is often necessary to rear thrips under controlled environmental conditions 
in the laboratory to study life histories, confirm observations made on their 
behaviour in the field and for virus trins~nissio~i experiments (Sakimura, 1961). 
Several authors have described different techniques to rear thrips under laboratory 
conditions. 
In earlier experiments (Samuel dt a/., 1930) a small tube-spring clip cage for 
restricted feeding and a lamp globe cage for mass rearing of T. tabaci were used. 
The insects were handled with a camel hair brush in a specially constructed small 
transfer room. Linford (1932) used a jar or celluloid-covered cage for rearing 
thrips. He maintained the stock colonies in a special insect cage constructed of 
galvanized iron, clear sheet pyraline and a heavy grade of white cotton broad cloth 
over pea seedlings grown in gallon canners tins of soil. The surface of the soil was 
then sealed around the plant stems with wax pouring. Under these conditions thrips 
reproduced rapidly on peas. A specially designed aspirator and small transfer 
8 
chambers were used for handling the insects. 
Smith (1932) used a microcage for restricted feeding. Wright and Blodgett 
(1948) ernployed a sticky ring barrier and a micro sandwich cage made of foam 
rubber for feeding the thrips larvae on detached leaves. 
Sakimura (1961) used a small plastic cylindrical cage made with plastic 
sheeting for rearing of thrips. A hole cut covered with dacron was provided at the 
top, rolled into a cylinder. To transfer the thrips illto the cage, they were first 
collected in to a small vial and'then placed in the cage which was held upside- 
down. The cage containing thrips was quickly put over the plant and pushed fioully 
into the soil. Trsnsfer lllay also be effected by placing the vial near the plant and 
covering it with the cage. For relnoving thrips fro111 the cage, the plant was first 
cut off at ground level and placed over black or white paper on which live insects 
were collected with aspirator. 
Modifications to the sandwich cage were made by Sakimura (1961). It 
consists of a felt cage made of two small pieces of plastic sheeting, a central cut 
out and a stationary clip. For introducing the insect in to the cage, the top plaStic 
piece was slid partly aside and the insect was introduced in the cut-out opening with 
a moistened brush. For removing the thrips from the cage, an aspirator was 
inserted into the central opening before the cage was disassembled. 
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Thrips were successfully reared on detached plant parts (Sakimura, 1961). 
Erlenmeyer flasks (125 tnl) and glass or lusteroid tubes were used for cages. Both 
ends of the tubes and mouths of the flasks were covered with dacron pieces. After 
the insects were dropped into the cage, a small piece of food and a piece of blotting 
paper were inserted and then opening was covered. Cabbage midribs were found 
suitable for rearing T. trrbuci. 
2.3.2 Methods for Acquisition Access Feeding (AAF) 
Plant species used in the AAFexperi~nents hould provide required food and 
adequate amounts of virus to the larvae. 
Wright and Blodgett (1948) reported a sticky ring bal~ier for AAF of larvae 
on tloating detached leaves. 
Sakiinura (1961) developed three different techniques for AAF by larvae on 
the diseased plant. The f i s t  was mass rearing of an infective colony, the other two 
involve restricted feeding over a specific leaf area during a specific length of time. 
For mass rearing of viruliferous thrips, the youngest two or three leaves of a young 
emelia plant were twice sap inoculated with virus. One or two days after 
inoculation, 2 or 3 females were introduced in to the cage. The progeny larvae 
hatching 4 to 5 days later were forced to feed on the sap inoculated leaves. 
Viliferous adults from this progeny were used for trans~nission studies. 
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The felt cage method used for rearing the thrips was found to be satisfactory 
for restricted AAF. Another useful technique developed by Sakimura (1961) was 
the sticky barrier method which confines the feeding within a sticky ring'barrier on 
a floating leaf. 
Amin (19x0) developed a simple technique for AAF. Leaflets showing good 
symptoms were floated on water in a Petri dish and about 10-15 first instar larvae 
were released on each leaflet. After required AAF, the larvae were transferred to 
small glass vials containing healthy leaflets until they became adults. These adults 
were used in transmission tests. 
2.3.3 Methuds uf Inoculation Access Feeding (IAF) 
Both routine and restricted feeding methods were used for IAF by Sakiinura 
(1940). For routine feeding, a young individual plant with five to six leaves 
covered with a cylinder cage was used. A felt cage was found to be suitable for 
restricted feeding. 
Amin (1980) used two methods for inoculation feeding. In the fustmethqd, 
one or two virus exposed adults were transferred onto a seedling with camel hair 
brush and the plants were covered with lantern globes. A thick moist cloth was 
used for covering the mouth of the lantern globe. The felt cage method developed 
by Sakimura (1940) was not successful due to the small size of groundnut leaflets. 
Therefore, for restricted feeding, Amin developed a new technique in which the 
I I 
whole leaflet was inserted into a small glass vial containing thrips. The open end, 
through which the leaf was inserted, was closed with a cotton plug. The glass vial 
was supported with sticks and fastened with rubber bands. 
Serial trans~nission studies involving transfer of a single insect require 
cotnplicated ~nanipulations of the test insects. Consequently, loss of insects may 
so~neti~nes occur. Regardless of the methods used, the escape of viruliferous 
insects into the laboratory or greenhouse may have serious consequences. To 
~ninirnise such accidents, transfers should be made during the cooler periods of the 
day in a small compartment or separate room (Sakimura, 1961). A felt cage 
method was used for serial transfers of viruliferous insects by Saki~nura (1940). 
A~nin (19x0) used very young plants closed in test tubes (0.8 x 2.5 cm) for 
serial transfers of individual thrips. lnspite of the great care, working with whole 
plants created proble~ns in locating thrips. Mortality of the thrips was also high. 
2.4 VIRUS-VECTOR RELATIONSHIPS 
To become viruliferous, thrips must feed on infected plants during theu 
larval stages. But once they became viruliferous, both larvae and adults can 
transmit the virus (Bald and Samuel, 1931; Linford, 1932). Later, Black (1954) 
reported that virus transmission occurs only when thrips feed on infected plants in 
the larval stage and only such larvae can transmit the virus as adults. 
I2 
Adults apparently cannot acquire the virus. This was observed in T. tahaci 
in Hawaii, England and Russia (Linford, 1932; Smith, 1932, Razvyazkina, 1Y53), 
F ,  schulrzei in Australia, South Africa and India (Bald and Samuel, 1931; More, 
1933, Reddy et crl. 19x3); and F,  occirle~~ralis n California (Bailey, 1935). 
Data on AAF are limited. A minilnuin feeding of 30 minutes (min) was 
observed for T. tohaci (Razvyazkina, 1953), whereas Sakimura (1961) observed a 
minimum acquisition access period of 15 min for nymphs of T. tobuci. The larvae 
of F. schulrzei required a tninin~um AAF of 30 rnin but the frequency of 
transmission increased with longer AAF, up to 48 hours (h) (Reddy cr al., 1983). 
Cho ct (11. (1991) reported that TSWV could only be acquired by larvae of thrips 
after a minitnum AAF of few tnin. However, transmission efficiency increased with 
concomitant increase in the AAF. 
The minimum inoculation access feeding (IAF) determined with T, whaci 
was 5 min (Razvyazkina, 1953). In Hawaii it was 15 min with T. tahuci (Sakimura, 
1962). 
In general a latent period of several days was observed between the time of 
virus acquisition and its transmission to healthy plants. Bald and Samuel (1931) 
observed a minimum latent period of 5 days for F. schultzei, 5 and 10 days for T. 
ta6aci (Smith, 1932; and Linford, 1932), and about 10 days for F. occidkntulis 
(Bailey, 1935). Sakimura (1960, unpublished data) found a minimum latent period 
of 4 days and 18 days maximum with an average of 11 days for T. rabaci in Hawaii 
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and a minimum of 4 days and a maximum of 12 days with an average of I I days 
latent period was observed for F. fusca in New Jersey. In Russia a minimum of 3 
days was recorded for T. tabaci (Razvyazkina, 1953). In all cases where the latent 
period was minimum, successful inoculation was made by larvae before pupation. 
All the longer durations registered in these reports occurred when the latent period 
was completed after the emergence into the adult stage. 
The virus retention period was apparently erratic in its panern. In some 
cases it extended over the entire life time, in other cases, it lasted for a short period, 
ending long before the insect's death. In some cases, infectivity continued for a 
long period and in some insects, the insects transmitted the virus for shorter periods 
with a long non-transmission period in between. (Sakimura, 1962). He suggested 
that this inconsistency of the retention period was due to the variation in the initial 
amount of the virus acquired by different insects. Ananthakrishnan (1973) and Cho 
ct 01. (1991) reported that the virus was retained by the vector throughout the life 
period and found the erratic transmission of the virus by the vector. 
S~nith (1932) and Liford (1932) recorded a 5 and 10 days minimurn 
retention period respectively for Thrips tahaci whereas Bailey (1935) observed a 
period of about 10 days for F. occidentalis. A maximum latent period of 22 to 24 
days for F. schultzei in Australia (Samuel ct al., 1930; Bald and Samuel, 1931), 30 
days for F. occidentalis in California (Bailey, 1935) was observed. In Russia the 
retention period for T. tabaci was stated as whole life (RazvyaJuna, 1953), whmas 
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it was 30 days for T. tabaci in Hawaii and 43 days for F,  fusca in New Jersey 
(Saki~nura, 1960 unpublished data). Though TSWV could persist in the insect 
vector for extended periods, little was known about how it survived or whether the 
virus was transmitted in a circulative or in a propagative manner (Reddy and 
Wightman, 1988). As the retention by the thrips vector was inconsistent, it has 
been assumed that TSWV was circulative (Sakimura. 1962, 1963). Nevertheless 
Best (1968) considered this aspect to be unresolved. 
Paliwal(1976) indicate that the TSWV titer decreilsed after adult thrips have 
been fed for two weeks on a susceptible host. Cho cr 01. (19x7) reported that the 
virus may multiply in the vector. 
Recently, enzyme-linked immunosorbent assay (ELISA) of individual thrips, 
hybridization of cDNA probes specific to viral and viral co~nple~nentary strands to 
thrips RNA extracts, and electron microscopic observations of thrip's organs have 
provided indirect evidence that tospoviruses may replicate in thrips (Cho cr (11. 
1991. German ct ul. 1991 and 1992). More recently Ullman et ul. (1993) detected 
the presence of non-structural proteins encoded by the SRNA of TSWV in F. 
occidmtalis. TSWV non-structural protein can only be observed when virus 
replication occurs. Thus the evidence presented shows that TSWV replicates in the 
cells of the thrips vector species. 
2.5 EPIDEMIOLOGICAL STUDIES 
2.5.1 Epidemiology of Tospoviruses relative tu Thrips Populations 
For an effective management of the diseases caused by tospoviruses in 
different crops, it is essential to understand the interrelationships between crop. 
virus and the principal thrips vector involved in disease sprcid. The popularior~ 
density of thrips and their transmission efficiency are expected to contribute to the 
incidence of the diseases caused by tospoviruses (Reddy and Wightman, IYXX). 
The incidence of peanut bud ~iecrosis disease in India has been correlated with the 
population density of the principal thrips vector, assumed to be F. schultzei, ill the 
rainy (June-September) and postrainy (January-March) seasons in Hyderabad by 
Reddy ct 111. (19x3). Tlie F ,  schirltrei populatio~i density was low until the seco~ld 
week of July but increased rapidly to reach a ~iiaxi~num in the last week of August 
and early September. By mid-September populations on the crop declined sharply. 
The maximum disease incidence, which ranged from 50 to loo%, occurred in the 
rainy season, 2-3 weeks after the maximum number of F. schultzei was recorded. 
In the postrainy season crop in the Hyderabad region (IXoN 78"E) disease incidence 
was only 20-30%. In the postrainy season crop, the maximum number of F. 
schultzei occurred in January and February and most of the new PBNV infections 
were observed in February. F. schultzei populations declined sharply from March 
to July. 
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Cho et al. (1984) found a high correlation between F, occiderttalis 
population density and TSWV incidence in lettuce. Kobatake (1984) also found a 
high correlation between thrips densities and TSWV incidence in lettuce. However, 
a high incidence of TSWV in Louisiana was not associated with the occurrence or 
abundance of any particular thrips species (Black ct ul. 19x6). 
Tospovirus diseases and thrips species surveys were conducted on lettuce 
farms at Maui, Hawaii during 1981-84 (Cho et al., 10X7). Three known insect 
vectors of TSWV were found: F. occiderttalis, F. schirltzei, and T. tobaci. F. 
occi(1e1ttulis was the predominant species at both low and middle elevation f;~r~ns. 
There were significant correlations between the mean ~~utnber of F. occirlenmlis 
trapped ycr week and TSWV incidence in lettuce. 
Joi and Summanwar (I99 1) studied the effect of seaso~lal variation on thrips 
population and its subsequent effect on TSWV incidence in tomato and groundnut. 
The thrips were found to be more or less similar in all seasons. However, the 
incidence of TSWV in groundnut and tomatoes was the highest in rdbi (20.8 and 
22.3%) followed by summer (17.6 and 20.3%) and kharif (4.8 and 18.6%). The. 
thrips population density was 26 per groundnut plant and 14 per tomato plant. 
Early season abundance of tobacco thrips (Frarkliniella fmca), incidence and 
disease progress of TSWV were compared in florunner and southern runner 
groundnut cultivars in Georgia, USA. In replicated plot experiments and large field 
quadrate studies, population densities of tobacco thrips adults and larvae were 
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similar for the two cultivars. In all experiments, the incidence of spotted wilt 
progressed linearly in both cultivars. Linear regression of disease incidence over- 
time indicated higher disease levels in florunner than in southern runner. The final 
apparent incidence of spotted wilt in florunner was approxi~nately twice as high as 
that in southern runner (Culbreath rt al., 1992). 
2.5.2 Thrips Species Composition and Relative Abundance 
Doutt (IY40)'1ndde field observations on the seasonal development of thrips 
populations in tomato fields. The predolnilla~it species were T. ~~~~~~~~i and F. 
oc*ciderttalis. T. tahaci reached high populations earlier in the spring and persisted 
till summer and fall. F. occidenrrr1i.v maintained high population density from May 
to August. Sakilnura (1961) studied the population stiatus of thrips species on 
tomato and lettuce. On tonlato, 199 F. occider~talis and 550 T. tc~boci were counted 
in nine different samples, the former predotninating on flowers, the latter on leaves. 
On lettuce leaves 11 F. occidcnlalis and 169 T. tfrbuci were counted in three 
sa~nples, showing the predorninance of the latter species. 
Studies on seasonal population densities of tobacco thrips, F. fusca (Hinds) 
in terminal buds and flowers of florunner peanut, were carried out in 1977-78 
(Tappan and Gorbef 1979). Populations in buds and flowers comprised of 90% 
larvae and 92% adults respectively. The ratio of larvae to adults indicated no mass 
lnovelmnt of immatures from buds to flowers after flowering began 23-31 days 
after planting. The density increased during the fust 31 days of plant growth and 
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steadily declined thereafter. The mean number of thrips per bud in the initial 
counts ranged from 0.7-1.1 and 1.0-1.2 for 1977 and 1978 respectively. 
Johnson (1986) studied the population trends of T. palmi on commercial 
watermelon plantings. Eight plantings were surveyed weekly for thrips OII foliage 
and vine tips. Generally larvae composed of the greater proportion of the 
population and the adults were lower than four per leaf. In the spring plantings 
surveyed, peak thrips densities varied from 2.5 thrips per leaf on May to 53.6 thrips 
per leaf on June. lo the sumlner plantings, peak thrips densities varied from 2.7 
individuals per leif in September to 27.0 individuals per leaf in August. 
Su ct NI. (I1)X5) found an increase in the populatiol~ density of T. paln~i on 
egg plant io late April-May and early in October-November. Su and Chen (19x6) 
reported that on peppers in Hualien, Taiwan, T, pcrhli was do~n ina~~ t  (92.01%) over 
the other thrips species, F .  irrro~~so, T. hnwuiicnsis, S. dorsalis, Huplothrips 
chinemis. The density of T. palmi was highest during July to September on 
vegetable sponge (Luffn cylindrica) and in mid january in cucumber. 
Citrus groves in Florida were sampled during 1986-1990 to determine the 
distribution and abundance of thrips species infesting closed buds and open flowers 
of citrus. F. bispinosu was the dominant species accounting for 92% of collected 
specimens. F, kclliae was the second most abundant species comprising 7% of 
specimens collected (Childers et al., 1990). 
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Two tobacco beds and two tobacco fields were satnpled every 7-10 days for 
the presence of thrips (McPherson and Beshear, 1990). Thrips were found on all 
seven satnpling dates and F, fuscc~ and F. occiderltulis were the most common 
species collected. Most of the F. occide~rroli,r were collected later in the season 
froin tobacco blooms. F. fuscu was commonly encountered on tobacco foliage. 
Mitchell and Smith (1991) made weekly sampling in South Texas peanut 
fields during 19x7 md 198%. F. fuscn was the most common one representing over 
80% of the total adult population. F. occident(11i.s was the next most abundant, 
representing about 18% of the population. Both are known vectors of TSWV. 
Mirroccphnlothri~~s ohrlomhtc~lis and F .  rritici constituted 4 . 5 %  and 41.1% of the 
population, reapectlvely. 
Mulder ct (11. (1991) identified 23 species of Thysanoptera in a field survey 
conducted from 0 May to 22 August 1989 in the major peanut growing areas of 
Oklahoma, USA. More thrips were collected from groundnut flowers than from the 
terminals. Over 75% were F. fuscu. F .  occiderttulis accounted for 10% of the 
total population. Both species were confirmed as vectors of TSWV on groundnut 
The largest numbers were collected in early July, which coincided with early 
flowering and the lowest numbers in late August which coincided with the post 
flowering period. Sukamto et aL (1992) carried out a survey of the thrips vectors 
of TSWV on groundnut in northwest Mississippi during spring and summer of 
1991. The most common species was F. fwca followed by F. tritici and F. 
occirlt!~trulis. On groundnut F. occidrt~tuli.~ was not found until 13 August. 
Cho~nberlin d 01. (1992) intensively sampled the groundnut plants for thrips 
during the autumn and spring in Georgia, USA. F. fuscu adults constituted 60-9556 
of the samples, with F .  occi(irr~r(ilis comprising the remainder. 
In Alabama, thrips populations on peanuts increased 2 to 4 weeks after 
seedling emergence and declilied sharply after 6 weeks. Feeding damage on peanut 
seedlings is more obvious at this stage. Once peanuts begin rapid growth and stan 
to bloom (about 40 days after planting on florunner), they usually outgrow thrips 
damage. The population at this point in the growing season rernained low, 
indicating little reproduction on fast-growing peanuts (Hagao er (11.. 1092). 
Ranga Rao and Wightman (1993) sampled the peanut crop during 19YO- 199 1 
at ICRISAT to determine the abundance and distribution of the thrips species 
complex inhabiting tenninals and open flowers. S. dorscrlis was the do~niliant 
species accounting for 72% of foliar thrips. Before flowering T. palmi was the 
second most abundant species (23%) followed by F ,  schulrzci (5%). After flower 
production the foliar samples comprised of 93% S. dorsalis, 6% T. yulmi and I% 
F,  schultzri. In flowers F .  schultzri was the predominant species (68%). and S. 
dorsalis and T. pulmi constituted 16% of each of the samples. The population 
densities of S. dorsalis and T, palmi were higher during the postrainy season than 
in the rainy season. Obselvations made over a two year period clearly indicated that 
F. schultzei was a flower feeder. 
2.6 BIOLO(;Y O F  Thrips palmi 
Palacio (197%) studied the biology of T. palmi on watennelon. This species 
reproduces parthenogenetically and completes development in 13 days on an 
average. Adults lived for 2-18 days and the fecundity ranged from 6 to 38 eggs. 
It was found that in southern Taiwan T. pnlnzi took 20-30 days to complete one 
cycle (egg to adult) and at least 10 generations were produced per year on cucurbits 
(Wen, 1984). Wang and Chu (19x6) reported that T. yc~lnii needed about 15 to 24 
days to complete the immature and adult stage. T, pulmi was reared under 
laboratory conditions on pieces of pumpkin leaf (Waog and Chu, 19x6). It was 
found that T. ~lulmi needed an average of 3.73 days to develop from egg to adult. 
The survival of the egg and larval stages was Y5% and in the pupal stage it was 
67%. About 61% of the eggs developed into adults. 
Wang ct 01. (1989) studied the oviposition behaviour of T. pulmi. The 
preoviposition period for virgin females was 1-3 days and for mated ones it was 1-5 
days. Virgin fe~niules laid 1.0-7.9 eggstday, while mated ones laid 0.8-7.3 eggslday. 
Virgin females laid 3-164 eggs during their life span, while mated ones laid 3-204 
Studies on the reproductive mechanisms of T. palmi were also carried out 
under laboratory conditions (Wang and Chu., 1990). It was found that T. palmi 
reproduced both parthenogenetically and sexually. Under laboratory conditions it 
required 1 1.4-1 1.9 days to develop from egg to adult. Females mating immediately 
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after emergence produced males during the f i s t  2 days of ovipositio?. Thereafter 
females and males were produced at various rates throughout the oviposition period. 
2.7 HOST RANGE OF Thrips palmi 
Palacio (1978) from Taiwan reported T. palnti on amaranthus, castor, corn, 
egg plant, potato, okra, rice, sweet pepper, soybean, winged bed11 and tomato. T. 
pulmi was also found on onion. cotton, avocado, citrus, cowpei, peach, plum, 
squash, muskmelon, carnation and Chrysanthemum. A wide variety of host plants 
was also reported by Inany authors from Taiwan (Wen and Lee, 19x2; Chen, 10x4; 
Su ct al., 19x5; Su and Chen, 1086; Wang and Chen, 1987; Huang, IYXO; Wang, 
19YO; Bhatti, 1980; Boumier, 1983). T. polmi was found to infest cotton, cucurbits, 
aubergines, onion, pulses and fruit trees in Philippines (Bournier, 19x3). 
Nakahua ct ul. (1984) collected T. pulmi from watermelon, cucumber, 
cantaloupe, egg plant, chinese spinach, long beans, bush beans, lettuce and cheese 
weed in Oahu, Hawaii. USA. Bronzing of foliage and total destruction of vine tips 
in watermelon was reported to be due to the infestation of this crop with large 
populations of T, palmi (Johnson, 1986). T. polmi was recorded in Manineque and 
was found to cause damage to aubergines, beans, sweet pepper, tomato, and 
cucurbits (Denoyes er al.. 1988). Yudin el al. (1988) found T. palmi on lettuce and 
five common weeds viz., Amaranthus hybridus, Bidetu pilosa, Malva parviflora, 
Melilotus officinalis and Verbesina encelioides. 
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Huang (1989) recorded peak populations of T ,  paln~i n late April and May 
on waxgourd in Taiwan. Morishita and Azu~na (1988) reported peak populations 
in May on sweet pepper in Japan. 
In Trinidad, T. pulmi was recorded and collected from several crops 
including cucumber, pumpkin, squash, watermelon, sweet pepper, chillies, tomato, 
egg plant, cabbage, 'Dak choi', chinese cabbage, cauliflower and Bhagi (a leaf 
vegetable) (Cooper, 1991). In Malaysia. T. paht~i was reported on vegetables 
(Fauziah and Saharan, 1991). Mau ct (11. (1991) reported that T. pcrln~i has a wide 
host range and has become a major pest of cucurbits and certain solanaceous crops. 
Talekar (1991) gave the following list of host plants att;ckml by T. ynlmi in 
Southeast Asia: Mulberrry (Mo,rcs Inrifi,licr Poir), carnatio~~ (Dirrtlthus eoryol~hy~lus 
L.), spinach (S/)irmciu olerclcccr L.), pepper (Piper rri~rum L.), betel (Piper hctlc L.), 
tea (Ccmleliiu sirrcnsis (L.) Kuntze), Brussiccr sp., radish (Ruphrmus srriivus L.), 
peach (Amygdulus po:viccr L.), apple (Pyrus sp.). plum (Prunur srrlici~ir~ Lindl.), 
apple (Mcrlus sylve.vtris Mill.), soybean (Giyciac m u  (L.) Merrill), snapbean 
(Ph(w.eolus vulgaris (L.)), broadbean (Vicia fuba L.), adzuki bean (Vigna unguluris 
Wight), mungbean (Vigna radiatu (I.) Wilezek), white clover (Trifolium repens L.), 
peas (Pisum sativum L.), Oxalis spp., citrus (Cirrus spp.), grapes (Vitis spp.), cotton 
(Gossypiunt sp.), okra (Hibiscus esculenrus L.), cucumber (Cucumis sativus L.). 
watermelon (Citrullus vulgaris Schrad.), melon (Cucumis melo L.), cucurbits 
(Cucurbita sp.), wax gourd (Benincm cerifera Savi.), balsam pear (Monzorrlica 
charanria L.), gourd (L@a spp.), cucurbit (Logenria siceraria Stand.), carrot 
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(Daucus carotu L.), sweet potato (lpomoea batatas (L.) Lam.), Perilla frutesceris 
(L.), eggplant (Sola~ium meloriger~u L.), potato (Solu~tum tuberosum L.), tobacco 
(Nicoriurta tubacum L.), sesame (Sesamum ir~dicum L.), garland chrysanthetnutn 
(Chrysanthemum morifolium Ram.), dahlia (Dohlia pi~r~iuta Cav.), lettuce (Luctucu 
strtiva L.), sunflower (Heliunthur UIII~US L.), corn (Zea muys L.). 
2.8 HOST SUITABILITY STUDIES OF THRJPS VECTORS 
Brodsgaard (1989) reported that the developmental time of F. occiderrtalis 
was greatly influenced by tetnparature and with different host plants, e.g., :a 15°C 
developmel~t ime from egg to adult was 44 days on radish leaves and 34 days on 
bean pods. 
Mau et (11. (199 1) reared F. occidcntalis in no choice test on healthy leaves 
of several host plants viz., Amurar~thus /tybri(lus (green amaranth), Brausica 
compesrri.~ (cabbage), Emilia sor~chifolia (Flora's paint brush), Fu~c~pyrum 
esculentum (buck wheat), Galinsoga qua~lrimuculata (peruvian daisy), Limonium 
latifolium (statice). Lycopersicon esculentum (tomato), Nico~ufru physalodes (apple 
of Peru), Nicotiuna tabacum (tobacco), Sonchus oleraceus (sow thistle), Tropaeolum 
majus (nasturtium), and Verbena litoralis (verbena). First instar larvae wek. placed 
in groups of 5 to 10 on the leaves of each host. Each leaf was enclosed in acrylic 
sandwich type cages. Insect developtnent was observed at 2 f C  daily, and leaves 
were changed at 2- to 3day intervals. In evaluating the hosts, they found a 
considerable range in host suitability for F. occia'entalls larval development. 
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Between plant species, variation in the larva to adult developmental times was low. 
Larva to adult duration ranged from about 9 to 12 days. Buckwheat was suitable 
for larval development. Larval development was poor on other hosts. About 76 
per cent of the larvae developed into adults on Buckwheat. Sowthistle. green 
amaranth, and cabbage comprised the second group with 22.7, 22.5. and 17.7% 
respectively of the thrips completing their development on these hosts. Nasturtium, 
peruvian daisy and verbena were unsuitable for F. occiclottu1i.s development. Only 
9.2, 3.3 and 2.54'of the larvae developed into adults respectively on the above 
hosts. Flora's paint brush, and statice leaves were completely unsuitable for F. 
occirlerirolis development. No choice tests were conducted at three temperatures 
(15, 20 and 26°C) on leaves of Anrc~rcrt~thus Irippo (burdock), L)utu~,u strunrotti~mt 
((Jimson weed), Lrrctucu sutivrr (romaine lettuce), Mulvu patviflorcr (cheese weed), 
and Ver%eritrt~ etrcelioiclcs (golden crown beard) to further eviluate the suitability 
of the hosts. Lettuce, ji~nson weed and cheese weed leaves were the most suitable 
for F. occidcntulis development at 26°C. Burdock and golden crown-kard leaves 
were the least suitable hosts. The same relative order of host suitability was 
observed at 20 and 15'C. They have also partially completed an evaluation of 'F. 
occidentalis oviposition preference on the above five hosts. Their results suggest 
that the order of preference for oviposition was Lettucezburdock> cheese 
weed>jimson weed>golden crown-beard. 
Calilung (1990) reared T. pulmi on potato, cucumber, egg plant, watermelon, 
cotton and pepper. She observed the longest average developmental period (15 
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days) on pepper and shortest (1 1.2 days) on watermelon. The highest fecundity 
(15.6 eggs) and longest adult life (17.4 days) were recorded on watermelon. Adult 
thrips lived for the shortest period on pepper (3.9 days) and did not reproduce. 
When the thrips were offered a choice among the six crops, they showed a lower 
preference for cotton and pepper compared with the other four hosts. Potato, egg 
plant, cucumber, and watermelon were equally preferred. 
2.9 DETECTI(~N OF TSWV IN PLANT TISSUES AND THRIPS 
VECTORS 
TSWV hns several properties by which it can be readily distinguished from 
other viruses. Serology has not often been used to identify TSWV in the past. A 
strong evidence for its identity could be obtained by sap transmission tests to 
several selected host plants. The use of specific antiserum offers one of the most 
reliable criterion to identify plant viruses. The conspicuous lack of availability of 
high quality antisera until recently in the immuno diagnosis of TSWV has been 
attributed to the difficulties in obtaining sufficient amounts of pure viral antigen 
(Francki and Hatta, 1981). Thus far three techniques have been used in the 
serology of TSWV, i.e., gel diffusion test (titers between 118 and 11128) reported 
by Tsakirides and Gooding, (1972), Joubert d ol. (1974) and Tas er a[. (1977b). 
tube precipiti and ring test (titers between 11256 and 11512) reported by Best and 
Hariharasubramanian, (1967) and Paliwal, (1976). These techniques were not very 
sensitive for the detection of TSWV. The development of enzyme linked 
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immunosorbant assay (ELISA) has dramatically increased the potential for the 
detection of TSWV, both in extracts from infected plants and in thrips. Since 
ELISA is more sensitive than any other serological techniques it can be readily 
applied than for TSWV detection (Hobbs et ul., 1987). 
Gonsalves and Trujillo (19x6) purified the lettuce isolate of TSWV and 
produced an antiserum. The antiserum was found to be effective for detecting 
TSWV in leaf tissues'by sodium dbdecyl sulfate agar gel ilnmuno diffusion tests 
and by direct and indirect ELISA. Hobbs et (11. (19x7) standardized direct antigen 
coating (DAC) and protein A codting (PAC) forins of indirect ELISA and compared 
them with the double-antibody snndwich (DAS) form of ELISA for detection of 
PBNV (it was referred to be TSWV). PBNV was detectable in peanut leaves at a 
1:1000 dilution with the DAC method and 1:100 dilution with the PAC and DAS 
methods. 
Cho ct al. (1988) used ELISA to detect TSWV in individual thrips. TSWJ 
was readily detected in 210 of 391 F. occidr~ltolis and 24 of 120 F. schultzei: 
These were laboratory-grown adult thrips and were provided with an acquisition 
access on infected host plants as larvae. With three insects, six positive 
&ansmissions occurred out of seven (86%) ELISA positive F. occidentalis groups, 
and seven occurred out of eight (88%) ELISA positive F. schultzei groups. In 
single insect transmission tests 14 positive transmissions occurred out of 186 (7%) 
ELISA positive F. occidenrulis and none occumd out of two ELISA positive F. 
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scklrzei. TSWV was detected in 32 of 275 (12%) adults and 233 of 527 (44%) 
larval thrips removed from TSWV infected lettuce plants. 
Sherwood el (11. (1989) produced a stable hybridoma cell line secreting 
lgG2b subclass monoclonal antibodies (MAB) for TSWV. It reacted to five isolates 
of TSWV in various forlns of ELISA, Isolated nucleocapsid reacted with the MAB 
in ELlSA but the envelope associated proteins did not. This was the first report of 
the production and utilization of a MAB to detect TSWV. 
Antibodies to electrophoretically isolated 26,000 MW nucleoprotein (26K 
NP) and 7X,000 MW membrane protein (7XK MP) of the lettuce isolate of TSWV 
and for the whole virion were produced by Wang and Gonsnlves (15190). They 
were tested in different ELISA assays. Thirty TSWV isolates were colnpared by 
ELISA. All 30 isolates reacted positively in DAS ELISA with antibodies to the 
whole virion. Nineteen isolates were consistently detected in different ELISA tests 
using antibodies prepared to the whole virion or to specific structural proteins, while 
the other I I isolates were either not detected or were inconsistently detected. Of 
the I I isolates that gave inconsistent results, eight were purified and compared by 
western blots. All the eight isolates reacted similarly to antibodies to the virion and 
to the anti 26K NP and anti 78K MP. 
Marchoux er al. (1991) and Cho e l  al. (1991) detected the TSWV in 
naturally or artificially infected cultivated and weed plants and also in individual 
F .  occidt!rrtalis thrips by using DAS ELISA. 
Ronco ct (11. (1989) used co~nple~nentary DNA (cDNA) probe prepared for 
viral RNA for TSWV detection. Dot blot assay allowed detection of as little as 2 
ng of RNA from purified virions as well as TSWV RNA present in total RNA 
extracts of infected leaves of Nicotiaira rustica and in crude sip. Slight modification 
to the homogenization procedure facilitated TSWV RNA detection in crude exmcts 
of infected tomato plants by the dot blot assay. 
Rice ct al. (1990) used two clones containing 460 and 870 bp derived from 
RNA for detection. It  was possible to detect 16 ng of total RNA from tobacco, XO 
ng from tomato and lettuce and 400 ng from chrysanthemum and pepper. 
Gennan el (11. (1991) developed s diagnostic dot blot for TSWV using 
cDNA probes. This assay was useful for detecting the presence of the virus in 
individual thrips. Probes were generated and used to determine the time course of 
appearance of positive and negative strands in plants and to demonstrate the 
presence of both strands in thrips. 
Ullman el al. (1993) observed the presence of non-structural small proteins 
(NSs) encoded by the SRNA of TSWV in thrips vector of F. occiclenfalis. TSWV 
NSs can only be present following virus replication. A specific and sedsitive 
antibody to the NSs has been produced and used to localize NSs in the cells of F. 
occidentalis. The diuect immuno cytochemical evidence presented showed that NSs 
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were present in thrips cells. This result indicated that TSWV replicates in the cells 
of the vector. 
MATERIALS AND METHODS 
CHAPTER HI 
MATERIALS AND METHODS 
The present investigations were carried out on the tians~nission of PBNV by 
thrips in groundnut. Laboratory studies were conducted at the ICRISAT Asia 
Center, Patancheru, Andhra Pradesh., and field studies at the Directorate of Oilseeds 
Research (DOR), Rajendranagar, Hyderabad. They were undertaken during April 
1990 to January 1993. 
3.1 DEVELOPMENT OF VIRUS FREE COLONIES OF THRIPS 
3.1.1 Collection and Identification of Thrips 
The cultures of three thrips species viz., Thrips palmi (Plate I), Fra~Jtlinirlla 
schultrci, and Scirtothrips dorsulis were initiated with the thrips collected from 
apparently healthy groundnut plants in the fields at the ICRISAT Asia Center. 
Large number of terminal leaves or flowers were collected in the early morning 
hours. They were placed in a plastic jar and covered with a glass funnel attached 
with a small ho~neopathic glass vial (3 x I cm). The adult thrips crawled along the 
walls of the funnel and collected in the glass vial. The glass vial was changed at 
2 h interval. An aspirator was used for collecting small number of h ips .  
Pl'latc t I h j r n h  palmr, tile vectnr oF I%eannl brrd rrecrosm varui 
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Thrips were immobilized in an aspirator or vial by placing them in a 
refrigerator for 15 min and were dislodged on to an ice tray. After immobilizatio~r 
by the cold treatment, thrips were sorted to different species (within 15 mia) using 
a stereoscopic binocular microscope. Thrips were identified into different species 
based on the following key characters (Palmer ct al., 19x9 and Reddy, cr a/., 199 1) 
(Plate 2). 
ldentificatiun Features of Thrips 
Frankliniella schultzei Thrips palmi Scirtolhrips dorsalis 
Adult female pale in Adult female straw Adult female rela- 
colour, 1 lnln long yellow to pale brown, tively small, yellow 
0.9 mrn long in colour, 0.7  run long 
Pronotun1 with 2 pairs Pronotum having 2 No setae on the 
of setae on the anterio- pairs of setae on the pronoturn. Dark 
lateral margin and 2 posteriolateral margin; patches on the dorsal 
pairs on the posterio- no setae on the side of abdominal 
lateral margin anteriolateral margin tergites 
Forewings with two Forewings with Forewings with few 
complete rows of wing- broken rows of wing- small setae on the 
vein setae vein setae veins, hind wings 
with 2 setae 
Larvae pale yellow Larvae whitish Larvae whitish. 
move slowly and Both larvae 
bend their abdomen while and adults active, 
changing the direction moving in a darted 
fashion 
Thrips identification was confirmed by MIS. R. Bashear of University of 
Georgia, GA, ETP State, Griffin, USA and Ms. Jenny Palmer of British Museum, 
FORE WING 
5 .; . .. . .. 
Franklinldlln ~ e h u l t z e i  Scirtothrips dorsalis Thrip@ & 
Plate 2: Identification features of different thrips species 
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uK. Thnps were cultured and maintained in the laboratory separately on the 
detached groundnut leaves. The identity of each thrips species was checked from 
time to time to ascertain the purity of the colonies. 
3.1.2 Rearing T h r i p  on Detached Groundnut Leanet 
Thrips were reared on groundnut leaflets using the method developed by 
Amin et (11. (19x1) (Pinte 3). All the three species viz., F .  schultzci, S. Ilorsulis, 
and T. polmi were successfully reared separately on detached groundnut leaflets 
under controlled conditions in glass vials (3 x 1 ctn) closed with corks. Leaflets 
remained in good condition for at least 10 days, during which egg and larval instars 
were completed. 
The vials before use were washed with water and sterilized at 160°C for I 
h. I~n~nobilized five females and one or two males of each thrips species were 
released into a glass vial which was held in an inverted position.   he thrips moved 
upward and gathered in the upper portion of the inverted vial. Immediately a young 
leaflet of groundnut (cv. TMV 2) was introduced into the vial and then closed with 
a cork. The vials with thrips were kept in an incubator adjusted to 12 h I:d cycles 
of 25°C light period and 22"C dark period. After allowing I day oviposition access, 
the thrips were dislodged from the leaflet on to the paper by tapping the inverted 
vial and the dislodged ones were collected into a separate vial. Later fresh leaflets 
were introduced into the vial for further egg laying by thrips. This process was 
for about 10 days during which YO% of the total egg laying was completed. 
I'lalc 3: iTultures of thrips species mamtained on detached grt,uncinol lrallcti 
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The leaflet with eggs was transferred to a new vial for the incubation of eggs. F. 
schultzei and T. palmi were reared on leaflets with pollen whereas S. dorsalis was 
reared without pollen. 
The culture of each thrips species was maintained separately. Thrips from 
these cultures were frequently released on to susceptible test plant (black gram) to 
ascertain that they were virus free. This method of culturing thrips on detached 
leaflets though laborious helped in maintaining pure thrips cultures and facilitated 
collection of larvae of required age for trans~nission studies. 
3.1.3 Biology of T, palmi a t  Different Temperatures 
To find out the most suitable temperature for rearing T, pu1n:i under 
laboratory conditions, the duration of different developmental stages, adult 
emergence, fecundity and hatching period were studied at five different 
temperatures i.e., 15, 20, 25, 30 and 35°C on detached groundnut leaflet. Percival 
incubators with 12:12 (1ight:dark) photoperiods maintained at the temperature 
indicated above with an RH of 75 f 10% was used. 
For larval, pupal development and adult emergence studies twenty glass 
vials (each containing five first instar larvae) were used at each temperature. Only 
individuals that survived to adult stage were included in the analysis. 
For fecundity, hatching period and adult longevity studies, a female and a 
Inale were released in to the glass vial. Fifteen such vials were maintained at 
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different temperatures. The adults were transferred daily on to healthy groundnut 
leaflets until their death. 
For hatching period studies, leaflets carrying eggs were kept in an incubator 
and observed daily for larval emergence. For fecundity studies, after allowing 1 
day oviposition period, the leaflet was stored in 70% ethyl alcohol, later processed 
in different series of ethyl alcohol (30 min in 80 % alcohol. 10 ~nin in 90% and 5 
 IN^ in absolute alcohol), cleared in clove oil for 3 min and eggs were counted 
under stereoscopic binocular microscope. The experiment was repeated three times 
and the data were analyzed by "t" test. 
3.1.4 Host Suitability Studies of T. palmi Under Laburatury Conditiuns 
To find out the suitable host for the multiplication of T. pc~lmi, common 
hosts of economic i~nportance (blackgram, greengram, cowpea, soybean, groundnut, 
and sun hemp) were used by the detached leaflet technique at the most suitable 
temperature (25°C) and relative humidity (70 f 10%). 
The total developmental period (larval and pupal) and rate of adult 
emergence were estimated by releasing five f i s t  instar larvae (I  day old) into glass 
vials containing a fresh leaflet (5 days after emergence (DAE)) of each host and 
closing the vial with cork. Twenty of such vials were maintained for each host. 
Observations were taken on larval and pupal developmental period and adult 
emergence. 
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Since it was laborious and difficult to count the number of eggs laid in 
different hosts, the number of larvae hashed from the eggs of each host was 
studied. Larval counts and adult longevity studies were carried out using single 
insect pairs. Single female along with a male were released in to the glass vial 
containing a fnsh leaf of each host. Fifteen of such vials were maintained for each 
host. The adults were transferred daily onto a healthy leaf till their death. The 
leaflets containing the eggs were kept in the incubator and observations were taken 
on the number of larvae from each host and the longevity of the adults on each 
host. The experiment was repeated three times and the data were analyzed by "t" 
test. 
3.2 TRANSMISSION STUDIES 
3.2.1 Virus Source 
Leaves showing typical PBND symptoms were collected from naturally 
infected groundnut plants from the ICRISAT fann and sap inoculated to one week 
old groundnut plants (cv. TMVZ). The virus source was maintained on groundnut 
by periodical mechanical sap inoculation. Cowpea (cv. 152) was used as a test 
,plant. All plants were kept in a glasshouse at 25-30°C. Young infected leaflets of 
groundnut plants showing faint chlorotic ring spots were found to be the best source 
of inoculum for transmission studies. 
3.2.2 Test Plants 
Initially groundnut and blackgram seedlings (5 days after gemination). 
raised in Petri dishes, were used in transmission studies. Since no difference was 
found in the transmission rates behveen the two test plants, subsequent transmission 
studies were carried out with groundnut. 
3.2.3 Acquisition Access Period (AAP) 
Young groundnut leaflets showing faint ring spots of PBND (sy~nptomles.; 
portion removed) were floated on water in a Petri dish and 15-20 first instar larvae 
of each thrips species (T. palmi, F. schultzei and S, dorsalis) were released 011 a 
leaflet with the help of a fine, moist ca~nel hair brush (Plate 4). The larvae were 
allowed an AAP of 1 day at 22-26°C. Larvae fed OII hc:~ltlly !eaflets were usc11 :I.; 
controls. After the AAP, 10 larvae were transferred to each glass vial containing 
healthy groundnut leaflet and were kept in an incubator for 6-8 d;dys. Adults which 
emerged were used for transmission studies. 
3.2.4 Inoculation Access Period (IAP) 
Young groundnut seedlings were used for LAP. Seedlings raised in Petri 
dishes (5 days old) were transferred individually to a glass vial (Plate 5). A single 
adult thrips (T. palmi, F. schultzei and S. dorsalis, exposed to the virus source as 
larvae) was released on to each seedling with a camel hair brush. The vial was 
closed with cork and kept in an incubator (22-26'C). The adult insects after the 
t'iatc 4 L,caOcls if?Cccted wilb I'BRNV, floated on water io a Pi:tri dish wcrc 
used fur acquisition of virus by X palnii 
piaxe 5 :  Grou~atinur seed gerra~nanctl in 1'co.r disltei tvcrc :r:tlai!c.r rrrr rc,  ,i 
vial, for feeding wiib T. P U ~ I I I I  oxposi:il to PUNV RIler allowu~!: r l l i  
?8ecessary inoculation accr!ss pcrzvtl se~dlings wchre trarrskr:! i.t,il r t ?  
iv:>odeia trap5 
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required LAP were removed with a camel hair brush and the seedlings were 
transplanted to a wooden tray (60 x 40 cm) with sterile soil. One hundred seedlings 
were held in such a tray. The trays were kept in a glasshouse for a maximum 
period of 20 days to observe for symptoms. They were sprayed with 0.02596 
metasystox at weekly intervals. Transmission tests were also carried out with 
thrips populations (T. palmi, F. schultzei and S. rlorsalis) collected from Raichur, 
Kamataka, a hot spot for PBND. 
3.2.5 Transmissiori Tests with Thrips Collected from Fields Showing PBNV 
Infected Plants 
Three species of thrips viz., T. pulmi, F, schultzei, and S. 11or.suli.t were 
collected from PBNV infected plants of ground~mt (Plate 6) on the IAC fiinn. Ten 
adults of each species were released separately onto young groundnut seedlings. 
The procedure described in 3.2.4 was followed for recording the frequency of 
transmission. The IAP allowed was 2 days. The experiment was repeated 3 times. 
3.2.6 Effect of Number of T. palmi on Transmission Rate 
Transmission tests with the three thrips species indicated that T. palmi only 
could transmit PBNV. After an AAP of 1 day as larvae, adults of T. palmi were 
allowed 2 days IAP singly as well as in groups of 2, 5, and 10 per plant. 
Experimental details for AAP and IAP were described in sections 3.2.3 and 3.2.4. 
This experiment was repeated 4 times. 
I'tlalc 6: Gmurrdnut plant? llifcctcrl wlral tilev awe yorllrr: nllll ~)c;:ntkl lilici 
ficcrosrs virus,. Tlrr piarrt or1 left WJ.; tot;~fiv nccrosrd. I lr< ,  pl.~ia r:ii 
riel11 shuns srcriiity, nnx~llary shoot ~rc~lifei  at on allti lt3al?rl 
ilcformily 
3.2.7 Relationships of Sex of T. palmi to Virus Transmission 
TO test the relative efficiency of inale and feinale T. yolmi in transmitting 
PBNV, adults (which were given an AAP of 1 day as larvae) were divided into two 
lots according to sex and allowed an AAP of 2 days onto the young groundnut 
seedlings. The difference between the transmission rates of the sexes was recorded 
and expressed as percentage. 
3.2.8 Transmission of PBNV Maintained in Groundnut by Continuous 
Mechanical Sap Inoculations for Two Years 
PBNV ovaintained by continuous ~nechanical inoculation for 2 years in the 
glasshouse was tested for trans~nission by T. polmi. Larvae were allowed 2 days 
AAP. Adults were given 2 days IAP and 10 adults were transferred to each of the 
groundnut seedling and observed for symptoms. 
3.2.9 Transmission of PBNV by Larvae of T. palmi 
Virus transmission by larvae of T. yalmi was tested by allowing first instar 
larvae I day AAP. They were then transferred to groundnut seedlings and allowed 
5 days IAP. Then the larvae were collected and allowed to become adults. They 
wen  utilized in wansmission tests by allowing 2 days IAP. 
3.3 VIRUS-VECTOR RELATIONSHIPS OF T. p a h i  
Virus-vector relationships included AAP, IAP, and virus retention in T. 
palmi i.e., the persistent or non persistent nature of PBNV in the vector. 
3.3.1 Effect of AAP 
T. palmi larvae were tested for 5, 10, 15, 20 min, 0.5, 1, 3, 6, 12, 24, and 
48 h AAP on PBNV infected groundnut leaflets (3.2.3). Exposed larvae were 
wansferred and allowed to become adults on healthy groundnut leaflets. 
Transmission efficiency was tested after 2 days IAP (3.2.4). The experiment was 
repeated four times. , 
3.3.2 Effect of IAP 
T. palmi larvae after an AAP of I day (which was found to be the optimum 
in the studies conducted) were developed to adults and were given IAP of 0.5, 1, 
2, 4 h, 1, 2 and 3 days on groundnut seedlings. Transmission efficiency was 
worked as described (3.2.4). The experiment was repeated four times. 
3.3.3 Retention of PBNV in T. palmi 
Serial kanslnission studies were conducted to find out how long the 
viruliferous T. palmi adults were able to retain the ability to transmit PBNV. 
Newly emerged fist  instar larvae were given a range of AAP (0.5,3,6, 12,24 and 
72 h) (3.2.3) and were then t r ans fed  to healthy groundnut leaflets until they 
beca111e adults (3.2.4). A single adult was transferred until it's deeth serially to 
each of the groundnut seedling at 1 day interval. The total number of days the 
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thrips had transmitted PBNV were divided into three classes i.e., the insects that 
had transmitted for up to 50%, 51.75% and 76-100% of their life period. 
Trans~nission pattern of PBNV by T. yalmi i.e.. whether the insect was transmitting 
the virus continuously or not was recorded. The experiment was repeated three 
times with at least 20 viruliferous adults for each experiment. 
3.33.1. Technique used for handling single T. palmi adults during serial 
transmission studies 
Different procedures of caging and transferring of single adult have been 
used in the investigations on serial transmission of individual insects. However, the 
procedure for handling single adult thrips during serial transmission studies was not 
described clearly in the literature. Therefore, the following kchnique has been 
developed during this study. A single, virus exposed T. palmi adult (larvae allowed 
an AAP of I day) was introduced in to a 6 x 2.5 cm glass vial with a fine brush 
and was allowed to move upwards after inverting the vial. A 2-day old groundnut 
seedling (kept for 2 days for germination in a Petri dish) was introduced into the 
vial and the vial was closed with a cork wrapped with tissue paper (kimwipes). 
The adult thrips was transferred to a fresh vial containing 2-day old groundnut 
seedling after 1 day IAP and this procedure was continued until the death of the 
insect. The exposed groundnut seedlings were transplanted to a wooden tray filled 
with sterile soil (3.2.4) and observed for the symptom development. The exposed 
seedlings were transplanted in row($ to facilitate identification of each seedling. 
The method adopted was found to be safe and did not cause any injury to 
the adult thrips. ' k ip s  could be removed more easily from 2-day old seedling than 
from 5-day old seedlings employed in the transmission tests. 
3.4 POPULATION ASSESSMENT OF T.palmi 
T .  pnlmi counts were made under field conditions to relate the incidence of 
PBND to thrips population in different groundnut genotypes. Counts were also 
taken in several host plants to determine the host range of T. palmi. Field studies 
were conducted at DOR, Rajendranagar, Hyderabad, during rainy 1991 season on 
three groundnut genotypes viz., lCGV Xh3XX. (F 334 A-B-14 X NCAC 2214) 86031 
[(Dh 3-20 X USA 20) X NCAC 22321 (resistant to PBND) and JL 24 (selection 
from EC 94943) (susceptible check) and in rainy 1992 season on ICGV 86388. 
86031,86430 (ICGS 20 X NCAC 2214) (resistant to PBND) and JL 24 (susceptible 
check). The experiment was planted in a rectangular lattice design. Each genotype 
was planted in two rows with at least twenty plants per row. One row of 
susceptible genotype, JL 24, was planted between the genotypes. PBND incidence' 
and T. palmi counts were assessed at 10 days intervals during the crop growth 
period. PBND incidence was assessed based on symptoms and infected plants were 
tagged at 10 days intervals. Per cent PBND incidence was recorded periodically 
to assess progressive incidence of PBND starting from germination to harvest. T. 
palmi density was assessed by collecting them from four replications of 25 
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terminals each for each variety. Leaf terminals were collected in 70% ethanol in 
the field, thoroughly washed and stored iii 70% ethanol. They were checked under 
stereoscopic binocular microscope for the presence of T. palmi. The data were 
analyzed by using split plot design. 
3.4.1. HOST RANGE OF T. palmi 
Leaf terminals and flowers from weeds, ornamentals and other crop plants 
growing in and around the groundnot fields at the ICRlSAT Asia Center, DOR 
fields at Rajendranagar, were collected in 70% ethanol. The samples were checked 
under the stereoscopic binoculru microscope for T. palmi presence. 
3.5. ASSAY FOR VIRUS 
After noting symptoms on test plants, further confirmation of PBNV 
presence was done by ~nechanical inoculations and by enzyme-linked immuno 
sorbent assay (ELISA). 
3.5.1 Mechanical Inoculations 
Symptomatic leaflets were p u n d  in a cold mortar containing 0.05 M 
potassium phosphate buffer (pH 7.0) with 0.02 M 2-mercapto-ethanol. Cowpea was 
used as an assay host. The primary leaves of cowpea were lightly dusted with 600- 
mesh wborundum. A pestle was used for ~ b b i n g  the extracts on leaues. Soon 
after inoculation the plants were washed and kept for symptom development in a 
screen house for 5-10 days. 
3.5.2 ELISA test 
The direct antigen coating (DAC) procedure reported by Hobbs et ol. (1987) 
was used to detect the virus in the test plants. The test plant samples were ground 
in carbonate buffer, pH 9.6, containing diethyl dithiocarbomate (carbonate buffer 
is prepared by adding N%CO,, 1.5 g; NaHCO, in Ilt distilled water. After 
dissolving the above two compounds diethyl dithiocarbomate 1.71 g for I It was 
added). Samples were (200 pl/ well) were dispensed into ELISA plate. The plate 
was incubated at 37OC for 1 h. The plant extracts were poured off and the plate 
was rinsed three times (allowing three minutes for each wash) with PBS Tween 
(Na,HP0,.2H20 2.88 g or Na,HPO, 2.38 g; KH,P0,0.4 g; KC1 0.4 g; NaCl 16.0 g; 
Distilled water 2 liters; Tween-20 0.5mVI). Cross adsorbtion of antisera with 
healthy plant extracts was done by grinding heatthy leaves in a antibody buffer 
(PBS-tween 100 ml; polyvinyl pyrollidone 2.0 g (2% final concentration), 
ovalbumin 0.2 g, 0.2% final concenwation) to give 1:20 dilution, filtered through 
two thickness of cheese cloth, and then diluted to 1:1000 in antibody buffer. The 
plates were incubated at 37°C for 1 h and washed three times in PBS-tween as 
described above. To each well 200 pl of goat rabbit IgG or Fc labelled with 
penicillinase and (Sudharshana and Reddy, 1989) diluted to 1:5000 in antibody 
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buffer was added and the plates were incubated at 37'C for 1 h. After the plate 
was washed tiuee times with distilled water tween (0.05% tween-20 in distilled 
water) 200 pl of substrate mixture (20 mg bromo thy~nol blue, (BTB) O.2M NaoH 
and sodium pencillin-G 0.5 mg/ml, pH.7.2) was added to each well. Results were 
recorded at room temperature for 30 to 120 minutes. The blue colour of the 
substrate mixture turning to light green indicated weak positive reaction and orange 
colour indicated strong positive reaction. 
RESULTS 
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RESULTS 
4.1 TRANSMISSION STUDIES 
4.1.1 Transmission Studies with Three Thrips Species Under Laboratory 
Conditions 
Transmission tests conducted.under laboratory conditions with laboratory 
reared cultures of Thrips pnlmi, Fmnkliniellu schultzei and Scirrothrips dorsalis 
indicated that only T. pulmi could transmit PBNV to both groundnut and blackgram 
(Table 2). The per cent transmission was 37.8 in groundnut and 36.8 in blackgram. 
F .  schultzei and S. dorsalis (from IAC and from Raichur) did not transmit the virus 
either to groundnut or to blackgram. 
4.1.2 Transmission Studies with Thrips Collected from the Field 
The three species of thrips, T .  palmi, F. schultzei, and S. dorsnlis collected 
from the PBND infected groundnut plants in the field at lCRlSAT Asia Center and 
tested for the virus transmission, only T. pnlmi transmitted PBNV to groundnut to 
the extent of 60 per cent. Both F. schultzei and S. dorsalis did not transmit PBNV 
(Table 3). 
Table 2. Peanut bud necrosis virus (PBNV) aansmission by different thrips species under 
laboratory conditions at ICRlSAT Asia Center. 
Thrips species1 Test plant Plants infected1 Transmission 
testui (%) 
Thrips palm? Groundnut' 59/156 37.8 
Frankliniella Groundnut OD03 0.0 
schultzci2 
Blackgra~n 01100 0.0 
Scirtothrips Groundnut 011 10 0.0 
~ ~ J I ' s u ~ ~ S '  
Blackgram OIlOo 0.0 
I .  Lavae were allowed 1 day acquisition access period (AAP) and adults I day i~ioculntion 
access period (LAP). 
2. 1 exposed adult planfl. 
3. 5 exposed adults plant'. 
4. Arachis hypogaca cv.TMV2 
5 .  Vigna mungo cv Local 
4.1.3 Effect of Number of T. pdmi on Transmission Rate 
A single adult T. palmi was capable of aansmitting PBNV with a frequency 
of 30 per cent (Table 4). The frequency of transmission increased with the increase 
in the number of adults per seedling. Transmission was 40 per cent with 2 adults 
and 70 per cent with 5 adults/seedling. As high as 100 per cent transmission was 
recorded with 10 adults per seedling. 
4.1.4 Effect of Sex of T. palmi on PBNV Transmission 
Both male and female T. palmi transmitted the virus with equal efficiency 
and there was no significant difference in the transmission percentage. Males 
showed a transmission frequency of 55.0 per cent and females 54.9 per cent 
transmission (Table 5). 
4.1.5 Vector Transmissibility of PBNV Maintained Continuously by 
Mechanical Sap Inoculations for Two Years 
PBNV maintained under glasshouse conditions by continuous mechanical 
inoculation for two years was not transmitted by T, palmi even when 10 adults were 
used for transmission per seedling (Table 6). 
4.1.6 Transmission of PBNV by T. pdmi larvae 
None of the 178 plants exposed to T. palmi larvae following 1 day AAP 
and 5 days IAP transmitted PBNV in the independent experiments (Table 7). 
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Table 3. Transmission of PBNV with different adult thrips species collected from peanut 
bud necrosis disease (PBND) infected groundnut fields. 
TMps species' Plants Trans~nission 
infectetl/tested2 (%) 
Thrips pnlmi 15/25 60 
Frnnkliniella schultzei U/3U (I 
Scirtothrips hrsnlis 0130 0 
' Inoculation access period: 5 days. 
' No. of adults released plant-': 10 
Table 4. Influelice of number of adults of T, yalmi on the transmission of PBNV. 
T, pnlnri Plants Transmission 
adults plant" infectedltested ( w )  
1 YDO ' 30 
' Larvae were given one day acquisition access period and ndults 2 days in~ulation access 
period. 
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Table 5. Efficiency of aansmission of PBNV by adult male and fe~nile T. pcrln~i. 
Females' Males1 
......*....--...........-...----- .........--- ........................... 
Experi- Plants Trans- Plants Trins- 
lnent infected/ mission infected mission 
testd (a) tested ('h) 
I Larvae were given one day acquisition access period and adults 2 days inoculation access 
period. 
Table 6. Tnns~nissibility of PBNV ~naintiiined continuously by ~nechi~~lical sap inoculation 
for 2 years under laboratory conditions by T. ycrlmi. 
PBNV isolates 
Maintained for 
E~perimentl.~ Wild type3 2 years 
I .  Larvae wen given 2 days acquisition access period and adults 2 days inoculation access 
period. 
2. 10 adults were released seedling". 
3. Virus inoculum derived from thrips aansmitted plants. 
4. Infectedltested. 
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Table 7. Tests on T. p lmi  Iiuvae for trirnsmission of PBNV. 
Plants infected/tested 
Experiment1,' .-.--....-.--...-.....-...- 
L i r e  Adults' 
I. First instnr larvae were allowed olle day acquisition access period and five days 
inoculation access period. 
2. Five larvae were released on to each groundnut seedling and were retained till they 
pupated. 
3. Adults emerged from larvee were used in twlsmissian. 
4. Figures in parenthesis replesellts ainsmissio~l percentage. 
4.2 VIRUS-VECTOR RELATIONSHIPS 
4.2.1 Effect of AAP 
Initial obsewatio~ls (Table X) showed that the larvae were capable of 
acquiring the virus within 0.5 h AAP and resulted in 50 per cent transmission. 
Increase in AAP up to 12 h had no considerable effect on trans~nission efficiency 
whereas increase from 12 h to 24 h resulted in 50 to 64.6% transmission frequency. 
However extending AAP from 24 h to 48 h had no effect on trunsmission 
frequency. 
Studies conducted with lower AAP (5 min - 4X h) (11 experiment) indicate 
that the larvae were capable of acquiring the virus even nt 5 ~nin AAP (Table 8) .  
As observed in both the experiments (Table 8) at 24 h AAP the rate of transmission 
was more than the other periods tested and further increase in AAP after 24 h did 
not show any increase in the transmission. 
4.2.2 Effect of IAP 
The results (Table 9) indicate that 0.5 h IAP was not enough to transmit 
sufficient virus to induce PBND symptoms. With 1, 2 and 4 h IAP 6.3, 8.9 and 
1 1.4 per cent of the plants were infected respectively. There was an increase (25%) 
in the transmission frequency from 1 day LAP. The maximum transmission 
frequency (40.4 to 41.7)) was observed after 2 days IAP. 
Table 8. Effect of different acquisition access periods on the transmission of PBNV by 
T. palmi. 
Acquisition Plants Trana~nissio~i 
access period' infected/testcc12 (a) 
(h) 
Experiment 1. 
Experiment 2. 
' One day old larvae were used. 
' Adults were allowed an inoculation access period of 2 days. 
Table 9. Effect of different i~loculation access periods on the uans~nission of PBNV by 
T. polmi. 
!noculation Plnnts Tmnsmission 
access period',' infectedhested (%) 
0.5 h 
I h 
2 h 
4 h 
I day 
2 days 
3 days 
' First instar larvae were allowed 1 day acq~risiton access period. 
Newly emerged adults were used for illoculation access period. 
4.2.3 Virus Retention in the Vector 
It is evident from the data that of the twenty two adults tested with 0.5 h 
AAP, two insects transmitted the virus throughout their life period (Table 10). 
Seven adults transmitted the virus up to 50% of their life period, eight from 51-75% 
of the life period and six from 76-100% of the life period. 
With 3 h AAP, of the twenty five adults tested, seven insects have 
transmitted the virus up to 50% of the life period where as nine insects have 
transmitted the virus from 51-75% of the life period (Table 11). The remaining 
eight insects have transmitted the virus from 76-100% of their total life period. 
With 12 h AAP, of the twenty adults, four have transmitted the virus up 
to 50% of the life period, eight insects frum 51-75% the life period and seven from 
76-100% of the life period (Table 12). 
Of the twenty five adults tested following 24 h AAP, five insects have 
transmitted the virus up to 50% their life period, eleven with 51-75% und eight 
insects from 76-100% of the life period (Table 13). 
Twenty adult thrips tested following 72 h AAP indicate that six have 
transmitted the virus up to 50% of the life period, five insects from 51-75% of life 
period and eight insects from 76-100% of their life period (Table 14). 
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The serial transmission studies conducted after different AAP indicate 
(Table 15) that this factor had no influence on the serial transmission of the virus. 
In all cases, irrespective of AAP Inore than 60% of adults transmitted the virus for 
more than 50% of their life period. It was also apparent that the serial transmission 
was not continuous and that the erratic nature of the transmission was not 
influenced by the length of the AAP. 
4.3 EFFECT OF TEMPERATURE ON THE DEVELOPMENTAL 
RIOLO(;Y (.)F T.. pnlmi 
Increase in temperature from 15-35°C showed a gradual decrease in egg, 
larval and pupal developmental periods (Table 16). Significant and negative 
correlatio~~ was found between temperature and developmental periods of egg, larval 
and pupal periods (Fig. 1). Eggs laid at 15'C did not hatch into larvae. The egg 
period was longest (6.3 days) at 20°C and decreased gradually with increase in 
temperatures i.e., 5.1 days at 25'C. 4.0 days at 30°C, and 3.6 days at 35°C. 
Similarly the larval period also decreased with increased temperatures. The larval 
period was significantly longest (7.7 days) at 15°C followed by 6.5 days at 20°C. 
4.7 days at 25OC. 3.8 days at 30°C and 3.4 days at 35°C. Similar trend of decrease 
in pupal period was observed with increase in temperatures. the pupal periods were 
6.0, 5.4, 3.7, 3.0 and 2.9 days at 15, 20, 25, 30 and 35°C respectively. 
Table 15. Su~nmary of results of serial transmission of PBNV by T. yalmi. 
- - -- - - 
Percentage of insects aanslnitting the virus 
Acquisition 
access period 50% of 51.75% of 76.100% of 
(h) life span life spdn life spin 
Experimental details as in Tables 10 to 14. 
Fig. 1 : Effect of temperature on the developmental period 
T. palmi under laboratory conditions. 
Table 16. Effect of temperature on the develop~nental biology of T. yrtlmi. 
Tempe- 
rature 
("C) 
Mean development;ll Fecundity Adult Adult Total No. 
period (days)" (total No. of emer- longi- of larvae 
eggs1 gence vity producedl 
Egg Larva Pupa female) (%) (ciays) female 
35 3.6 3.4 3.0 6.8 5 8.4 6.2 
SE (m) 0.5 0.2 0.2 8.2 I .Y 8.8 
CV (%) 36 10 I6 54 - 30 57 
CD at 5% 1.6 0.5 0.7 23.2 5.4 23.5 
* No egg hatching. 
@ Experirnelital details in Materials arid Methods 3.1.3. 
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The fecundity also varied with the temperam. Very few eggs (6.8) were 
laid by the female at 35'C and the fecundity was more at 25°C (78.2) and at 20°C 
(75.7)and decreased at 30°C (55.6). However, at 15*C, the female laid only 22.6 
eggs during the life period. 
The adult emergence was found to be the highest at 25°C (30%) followed 
by at 20°C (15%), and 30°C (13%). The lowest number of adults were emerged 
at lowest (3% at 15OC) and highest (5% at 35OC) temperatures. 
The adult longevity decreased with the increase in temperature. Lowest 
adult longevity of 8.4 days was observed at 35'C which differed significantly from 
the adult longevity periods of 15, 20 and 25°C. The female adult lived longer at 
15'C (28.6 days). 
Observations recorded on the total number of larvae produced per fe~nale 
during its life span indicated that significantly low number of larvae (6.2 
larvaelfemale) were observed at 35°C where as 66.6,6X.2 and 54.5 larvaelfernale 
were recorded 20, 25 and 30°C respectively. 
4.4 HOST SUITABILITY STUDIES 
The larval period on the 6 legumes tested ranged from 4.0 to 5.1 days 
depending on the host (Table 17). Significantly shortest larval developmental 
period of 4.0 days on cowpea and longest developmental period (5.1 days) on sun 
hemp was observed. In soybean the larval period was 4.3 days followed by 
greengram (4.4 days), groundnut (4.5 days) and blackgram (4.7 days). 
Table 17. Effect of various legume hosts on the gmwth and development of T. yalmi under 
laboratory conditions. 
Hosts' Larval Pupal No. of Adult Adult 
period period larvae longivity emergence 
(Days) (Days) producedl (Days) (%) 
female 
Cowpea 
Blackgram 
Greengram 
Soybean 
Groundnut 
Sun hemp 
SE (m) 
cv (%) 
CD at 5% 
I Bxperimental details in Materials and Methods 3.1.4. 
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The pupal period was 3.8 days on cowpea followed by soybean (3.9 days), 
groundnut (4 days), sun hemp (4.1 days), blackgram (4.5 days), and greengram (4.8 
days). 
The total number of larvae produced per female was the lowest on soybean 
(63.5) and highest on green gram (150.1), followed by cowpea (138.3). blackgram 
(117.3), sun hemp (74.9) and groundnut (68.9). 
The female adult longevity varied between 14.7 and 23 days. The lowest 
adult longevity (14.7 days) was observed on sun hemp followed by soybean (15.7 
days), groundnut (19.9 days), cowpea (21 days), blackgram (22 days) and green 
gram (23 days). There was no difference in the per cent adult emergence (40-508) 
between the hosts except groundnut (28%). 
4.5 NUMBER CIP T, palmi ADULTS COLONIZED ON PBND 
RESISTANT AND SUSCEPTIBLE GROUNDNUT (XNOTYPES 
Field studies conducted at Rajendranagar during 199 1 rainy season showed 
significantly Inore number of T. palmi on JL 24 (10 thr ipa5 terminals) than the 
PBND resistant genotypes, ICGV 86031 (3.6 thripsi25 terminals) and ICGC 86388 
(4.1 thripsn5terminals) (Table 18). At the beginning of the ~ r o p  growth period (23 
days after sowing (DAS)) T, palmi population was very low, reached a peak at 48 
DAS, fell down sharply there after and reached to minimum numbers by the end 
of the crop growth period (98 DAS) in all the genotypes. 
Table 18. Incidence of PBND and population of T, palmi on different groundnut genotypes at different 
stages of crop growth at DOR, Rajendmnagar, Hyderabad during the 1991 rainy season (lul 
16 to Oct 20). 
Days No. of Thripsl % PBND incidence2 
after 25 ter~ninals' 
sowing ------------------------------- 
ICGV ICGV JL 24 ICGV lCOV JL 24 Mean 
(DAS) 86388 86031 86388 86031 
Mean 4.1 3.6 10.0 5.9 5.5 6.8 14.2 8.9 
S@ (m) 1.3 2.0 
CD at 5% 3.9 5.9 
(days) 
SE(m) 0.6 1.4 
CD at 5% 1.7 4.0 
(cultivar) 
1.8 3.6 
CD at 5% 5.2 10.3 
(days x 
cultivnr) 
Terminals were collected at random f m ~ n  40 plants. 
Pegs were used to mark the infected plants. 
Fig. 2 : Thrips palmi population and progress of PBND 
incidence in different groundnut genotypes at 
Raendranagar, Hyderabad, ralny season 1991. 
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The mean PBND incidence was significantly higher on JL 24 (14.2%) than 
ICGV 86031 (6.8%) and ICGV 86388 (5.5%) in the 1991 rainy season (Table 18). 
The PBND incidence was observed in the field at 23 DAS. The maximum PBND 
incidence was observed at 48 DAS in JL 24 (39.1%) and ICGV 86388 (16.1%), 
where as in ICGV 86031 the maximum incidence (1 1.3%) was observed at 83 DAS. 
The cumulative PBND incidence (Fig. 2) has reached to a maximum of 99% in JL 
24, 39% in ICGV 86031 and 48% in ICGV 86388 at the end of crop season (98 
DAS). 
In 1992 rainy season, the mean number of thrips were significantly higher 
(5.5) on PBND susceptible JL 24 than on the PBND resistant genotypes (Table 19). 
The mean number of thrips population did not differ significantly between ICGV 
86031 (1.5 thrips) and ICGV 86388 (1.4 thrips). ICOV 86430 showed significantly 
higher number of thrips (2.9) than ICGV 86388 (1.4). The thrips population was 
found to be more at 36 DAS in all the 4 genotypes and declined sharply there after. 
The mean PBND incidence was significantly higher on JL 24 (16.5%) 
than the other 3 genotypes (Table 19). There was no significant difference in the 
mean PBND incidence among lCGV 86031 (5%), ICGV 86388 (3.2%) and ICGV 
86430 (4.3%). In JL 24, the maximum increase in PBND incidence was observed 
at 50 DAS (30.7%) whereas in ICGV 86031 and ICGV 86430, the increase in 
PBND incidence was significantly higher at 64 DAS (15.6% in ICGV 86031 and 
14% in ICGV 86430). In ICGV 86388, the maximum increase was observed at 83 
jble 151. Incidence of PBND and population of T. palmi on different groundnut genotypes at vdrious 
growth stages at DOR, Rajendranagar, Hyderabad, during the 1992 rainy season (July I6.Cktober 
23). 
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Fig. 3 : UxipapaIm population and progress of PBND incidence 
in different groundnut genotypes at Rajendranagar, 
Hyderabad, rainy season, 1992. 
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DAS (7.8%). The cumulative PBND incidence has reached to 99% in JL 24,30% 
in ICOV 86031, 19% in ICGV 86388 and 26% in lCGV 8M30 at the end of the 
crop season (99 DAS) (Fig. 3) 
4.6 HOST RANGE OF T. pulmi 
T .  palmi adults were recorded on 27 weed species in 21 families, 12 of the 
17 vegetable crops, 9 of the 15 crop plants, 6 of the 10 fruit crops and 17 of the 24 
ornamental plants (Table 20). Among the weeds, Agerancm cor~yznidcs, 
Commclina bengalensis, Parthenium histerophorous and Cassia rora were common 
in groundnut fields which harbored large number of T. palmi. Among the crop 
plants, blnckgram, greengrain, cowpea and soybean had the highest density of T. 
pcrimi during the early crop growth stage. All the cucurbitaceous vegetables 
checked harbored large number of T. palmi. 
Table 20. Presence of T. palmi on various host plants in groundnut fields at lCRlSAT Asia 
Center and at DOR. Rajcndmnagar. 
Family Conunon name Botanical name Presence 
of T. prrlmi 
Crop plants 
Compositae Niger 
Sunflower 
Castor Euphorbiaceae Ricinus mmmunis 
Maize 
Sorghum 
Pearl millet 
.+a mays 
Sorghum bicolor 
P rmbrum typhoillcum 
Leguminosae Cowpea 
Soybean 
Pigeonpea 
Chickpea 
IJrdbean 
Mungbcin 
Sun hemp 
Vigna sinensis 
Glycbte mux 
Cujunus ccrjnri 
Ciccr rrrictinwlt 
Vig~iu n~urr~o 
Vitnu rrrdiatu 
Crorubrirr juncerr 
Malvaceae 
Pedaliaceac Sesamum indicum 
Fruit trees: 
Anacardiaceae 
Anonaceae 
Caricaceae 
Euphorbiaceae 
Myrtaceae 
Mango 
Custard apple 
Papaya 
Phillanthus 
Carica papayu 
Guava 
' Pomogronate 
Psidiwn guajava 
Punica granatum 
Rosaceae 
Rutaceae 
P m w  cerasus 
Cirrus limonum Large lemon 
Family Common name Botanical name Presence 
of T. yalmi 
Sapotaceae 
Vegetables 
Chenopodiaccae 
Cucurbitaceac 
Cucurbitaceac 
-do- 
.do- 
-do- 
-do- 
Leguminosae 
-do- 
-do- 
-do- 
Malvaceae 
Solanaceae 
-do- 
-do- 
Sapota 
Spinach 
Ashgourd 
Cucumber 
Bittergourd 
Pumpkin 
Ridgegourd 
Wutennelon 
Broad beans 
Cluster beans 
Beans 
Drumsticks 
Bhindi 
Brinjd 
Celery 
Chili 
Achrus supotu 
Spinuciu oleruceot 
Benincusa lispida 
Cucumis sutivw 
Momorrlica charunticc! 
Cucurhitt~ moschuta 
L@u r ~ c u t c ~ u l u  
CitruNw vulgaris 
Viciu fuhu 
Cyamopsis tetra~o~lolohr~ 
Dolichos hblab 
Moringu pterigospermt~ 
Ahelmoschus escuk~ttus 
Solanum rnclonge~m 
Apium graveolens 
Cupsicum am~uum 
-do- Tornato Lycopersicon esculerttum 
Umbeliferae Carrot Daccus carotu 
Ornamental 
plants 
Nerium oleander t 
Apocynaceae AUamanda A l l m o ~ u  cathartics 
Calymtna alliaceum t 
Begnonia graclllis t+ 
Techomaria cayensis + 
Family Common name Botanical name Presence 
of T, vcrlmi 
Cannaceae 
Combretaceae 
Colnpositae 
Cunnu brdicu 
Quisqulis indicu 
Chrysanthemum O~dicum 
Arnica monm~~rl 
Zinnia elcgurrr 
Aculypho hispidrl 
Zinnia 
Chenile plant 
Morning glory 
Euphorbiaceae 
Horsefalleaceae 
Legurninosae 
Magnoliceae 
Malvaceae 
Nyctaginaceae 
Portulacoceae 
Purlicaceae 
Chinese hibiscus 
Bougainvillea 
Hibiscus rosusiwnsis 
Dwarf polnopanate 
Petunia Petunia hyhrirkr 
Solrr~~un~ wel~dlr~nrlii 
Verbenaceae 
Verbena 
Weeds 
Alternunthera pungens 
Celosiu crrgenna 
Gomphrena celosioides 
Digeru amensis 
Almaniu nadifloru 
Amaranthur viridis 
White cocks comb 
Slender a~namnth 
Gigantic swallowort Asclepiadaceae Calotropis gQunteo 
Family Common name Botanical name Presence 
of T. pulmi 
Euphorbiaceae 
Commelinaceae 
Co~lvolulaccae 
Capparaceae 
Labiatae 
Legu~ninosae 
Malvaceae 
Molluginaceae 
Ragweed 
Tropic ageratum 
Garden spurge 
Copper leaf 
Day flower 
Morning klory 
Wilt ~nustard 
Begger weed 
Sickle pod 
Sesbania 
Agerutrrm conyzoiOes 
Tridru procumheris 
Euphorhia hirtu 
Euphorhiu heterophyllu 
Aculyphq indicn 
Phyllmthur mudercrsprrtei~sis 
lpomoeu spp. 
Ocimum sanctum 
Alysicrrrpur longifoiius 
Alysicurpur nlonilifer 
Alysicurpus ru#osus 
Desmodium dicholomum 
Indegoferu glundulosu 
Cassiu torn 
Delanex regeu 
Mucroptiliwn urropurpureum 
Sesbaniu spp 
Family Common name Botanical name Presence 
of T. palmi 
Monispermaceae Cocculus hirsutus 
Podceae Panic grasses Patlicum sp. 
Urochloa panicoides 
Crow foot grass Dactyloctr~tium aegyptium - 
Portulacaceae Conunon purslance Portulaca oleracru 
Horse purselane Trianthemu portulucastrum + 
Rubiaceae Olrlenlaadrn corymbosa tt 
Solanaceae Cape gooseberry Physcilis spp. t 
Jims~n weed 1)aturu sfromonium t 
Teleaceae Jew's mallow Corchorus trilocularis 
Verbenacede Ciro~len~~rot~ infortututum + 
Lantana Luntana cumerrr 
Zygophyllaceae Puncture vine Tribulus trrrestris +t 
Trichndevma spp. ++ 
t Thrips present: 1 to 10 thrips 25 terminals". 
tt Thrips present: more than 10 thrips 25 ter~ninals-I. 
- No thrips 
DISCUSSION 
CHAPTER V 
DISCUSSION 
The main objectives of this study were 
o to identify the principal thrips vectors of peanut bud necrosis virus (PBNV) 
o to determine virus-vector relationships and 
o to study the ecology &.the principa1,thrips vector. 
Peanut bud necrosis disease (PFND) wns reported from India in 1968 
(Reddy ct a!.) and initially the causal virus was identified as tomato spotted wilt 
virus (TSWV) (Ghanekar st 01.. 1979). Subsequently several papers have been 
published on the transmission of the causal virus (considered to be TSWV) of 
PBND (Amin ct a[,' 1978, 1981). Evidence was presented to show that the virus 
was efficiently trans~nitted by Frankliniclla schultrci and Scirtothrips dorsolis was 
identified as an inefficient vector (Amin et al., 1981). 
During the last decade many papers have appeared on the serological 
properties, chemical characterization and biodiversity among viruses eulier 
described as TSWV. As a result a new group called "tospoviruses" has been 
established to include the thrips Qansmitted, polymorphic viruses with a membrane 
(70-100 nm diameter) containing three RNA's (two ambisense and one negative 
stranded), all packaged in one particle. With improvements in purification and 
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production of antisera, high quality polyclonal and monoclonal antisera became 
available for various serotypes of tospoviruses. Following the determination of 
molecular mass of polypeptides of the causal virus of PBND and serological 
relationships, it was apparent that the virus was distinct from the known tospovims 
serotypes, therefore it was named peanut bud necrosis virus (PBNV). All these 
developments added a new dimension to the problem of thrips trann~ssion of 
PBNV and necessitated intensive study. 
In 1988 Thrips palmi was reported to transmit the causal virus of 
watermelon silver mottle disease (WSMD) (Iwaki et a!.). With the production of 
high quality antisera to PBNV, it was possible to determine the serological 
relationships of PBNV with other tospoviruses. It was apparent in 1990 (results 
published in 1992 by Reddy et al. ) the causal virus of WSMD and PBNV were 
serologically related. Since the occurrence of T. pulmi was reported from India in 
1989 (Bhatti et al. ) it was essential to test if T.  pulmi could transmit PBNV. 
Additionally, preserved thrips specimens, regarded as vectors of PBNV, when 
examined showed the presence of T. palmi. Palmer et al. (1990) examined the 
various thrips species collected on groundnut and critically identified the thrips 
species with potential to transmit tospoviruses. T. palmi was found to be widely 
occurring on groundnut. In this study unequivocal evidence has been presented to 
show that PBNV could be transmitted by T. palmi. Results of Amin et ul. (1981) 
could not be repeated because both F. schultzei and S. dorsalis did not transmit 
PBNV. Since special skills are needed for the identification of thrips, the 
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possibility exists for the misidentification of 7'. palmi as F.  schultzei in the studies 
conducted by Amin et d.11981). Chances for the hypothesis that TSWV was 
indeed the causal agent of PBND in early 1980's and subsequently PBNV became 
the dominant one are remote because attempts to locate TSWV on groundnut in 
extensive disease surveys since 1990 have failed (Reddy, D.V.R. personal 
communication). 
Tospoviruses have now been recognised as a group consisting of several 
serologically distinct viruses viz., Tomato spotted wilt virus (formerly TSWV-L) 
(Francki et al., 1991), Impatiens necrotic spot virus (INSV, formerly TSWV-I) (Law 
and Moyer, 1990 and Law et al., 1992), Peanut bud necrosis virus (PBNV, formerly 
TSWV) (Reddy d al., 1992). Watermelon silver mottle virus (TSWV-W) (Iwaki rt 
ui., 1988) and Peanut yellow spot virus (PYSV) (Reddy erul., 199Ci). Tospoviruses 
have been found to be transmitted by eight thrips species Viz., T. tabaci, F. 
schultzei, F. occidmtalis, F. fusca, S. clorsalis, T. pulmi, T. setosus and F .  
tenuicornis in different countries (Kormelink, 1994). 
It is interesting to note that some degree of specificity exists with regard to 
transmission of various serogroups of tospoviruses. ' TSWV and LNSV groups a n  
more or less transmitted by the same thrips species, F. occidmtalis, T. tabaci, F .  
schultzei and F. fusca (Gardner et al., 1935; Pittman, 1927; Mulder et al., 1991; 
Sakimura, 1961). PBNV and WSMV group is tnmsmitted only by T. palmi and 
INSV by F, schultzei and T. tabaci. F. occidentalis and F. fusca could not be 
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located on groundnut in India, to test their ability to transmit PBNV. On the. 
contrary TSWV group could not be transmitted by T. palmi (Cho et al., 1991; Mau 
at al., 1991). PYSV is only transmitted by S. dorsalis and not by T. pafmi and F. 
schultzei. 
Virus transmission occurs only when thrips feed on infected plants in the 
larval stage and only such larvae can transmit the virus as adult. In the present 
investigation T. palmi could not b'ansmit PBNV throughout the larval period (5 
days) and only adults could trnnsmit the virus. Bald and Samuel (1931) and 
Linford (1932) who worked with F. schultzei and T. tahaci, respectively, have 
shown that TSWV could only be trans~nitted by adult thrips that acquire the virus 
as larvae. However, the larvae sometimes also became viruliferous when the virus 
completed its latent period before pupation. Nevertheless several reports have 
subsequently been published on the ability of thrips larvae to transmit TSWV. 
Razvyazkina (1953) and Sakimura (1960, unpublished data) observed the 
transmission of TSWV by F. fuscu and T, tabaci larvae, respectively. However, 
under natural field conditions, the stationary tendency of larval thrips, non feeding 
prepupal and pupal stages are not likely to play a role & the spread of viruses. 
Undoubtedly adults play the major role in the spread of tospoviruses. Large 
variation in latent period (i.e, the interval required by the vector , from the time it 
acquires the virus till it acquired the ability to transmit) was noted in different 
studies on virus vector relationships (for eg. a minimum of 4 days and a maximum 
of 18 days with an average of I1 days latent period for T, tabaci and 4 days 
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minimum and 12 days maximum with an average of 9 days for F. fusca 
(Sakimura, 1960 unpublished data); a minimum of 3 days for 7'. tabaci 
(Razvyazkina, 1953)). In addition to the vector species many factors which include 
virus source and environmental factors were likely to have conaibuted to this 
variation. 
Transmission tests conducted with males and females of T. palmi did not 
show any significant difference in the transmission rate (Table 5). Similar 
observations were reported by Sakimura (1963) and Paliwal (1976) with F. fuscu. 
Since thrips transmitted viruses have been shown to be propagative and only larvae 
could acquire the virus, it is not totally unexpected that the transmission rates 
between the sexes are similar. 
Experiments on acquisition access period show that T, palmi larvae could 
acquire the vims in 5 min AAP and intervals up to 12 h only showed negligible 
differences in the trans~nission rates (Table 8). Eventhough the data on acquisition 
thresholds are limited in thrips, reports on TSWV indicate increased transmission 
efficiency with concomitant increase in AAP. Sakimura (1962) reported an increase 
in percentage of infection with increased feeding periods, 4% with 15 min feeding, 
33% with 1 h feeding, 50% with 24 h feeding and 77% with 4 day feeding periods. 
Increased transmission rates of TSWV by F. occi&ntalis with increased AAP was 
observed by Cho et al. (1991). However in the present study increased AAP did 
not result in comsponding increase in transmission rate of PBNV by T. palmi. 
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However 1 day AAP did show marginal increase in the transmission percentage. 
The minimum inoculation access period (IAP) for the transmission of PBNV 
by T. palmi was found to be 1 h and with increased IAP up to 2 days there was 
a considerable increase in the mnsmission rate (Table 9). In other studies on IAP 
by thrips 5 to 30 min (Razvyazkina 1953; Sakimura 1960 and 1963; Amin et al., 
1981 and Allen and Broadbent, 1986) were found to be adequate. However T. 
palmi failed to transmit PBNV in 30 min IAP. The maximum vanslnission rate 
was observed after 2 days of IAP. This result indicate that insecticides with quick 
knock down effect or application of Dimethoate or Monocrotophos are likely to 
reduce PBND incidence. 
One of the objectives of this investigation was to investiga~e if PRNV could 
multiply in its thrips vector, T. palmi. Initial attempts to determine virus increase 
by ELlSA in groups of 10 have failed. Therefore the rather laborious serial 
transmission tests were undertaken to provide evidence for the persistency of PBNV 
in T. palmi. A procedure involving 2 day old groundnut seedlings, enclosed in a 
glass vial, facilitated serial transfer of individual thrips at 1 day intervals. Although 
the transmission by individual thrips was erratic, over 30% of viruliferous insects 
transmitted the virus for their entire l i e  span. Retention of the virus throughout the 
life span of adult thrips has been reported by Sakimura (1962) and Ananthakrishnan 
(1973) in T. tabaci and Reddy et al. (1983) in F. schultzei. The erratic 
transmission was not totally unexpected because of the long IAP required by T. 
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palmi to transmit PBNV. Additionally Sakiiura (1962,1963) also reported erratic 
transmission of TSWV by T. tabaci. In the case of PBNV. AAP intervals did not 
influence the transmission pattern of individual thrips. Recently several lines of 
evidence suggest that tospoviruses replicates in the cells of the thrips vectors. These 
include increase of virus titers in F, occidenralis adults as determined by ELlSA 
(Cho et a[., 1991) and cDNA probes that could specifically detect genomic and 
complelnentary TSWV RNA strands in larval thrips (German et u1.,1991). Ulllnan 
el al., (1993) detected the presence of non structural protein encoded by the SRNA 
of TSWV in F,  occidentulis. Therefore the evidence is unequivocal for the 
replication of tospoviruses in thrips vectors. 
It is important to study the biology of the vector to facilitate transmission 
studies 11nder Inbor:~tory conditions, to predict the disease incidence under field 
conditiolis alld to take up timely control measures of the vector (Palacio, 1978). 
The present study on the biology of T. palmi using detached leaflet technique at 
different temperatures under laboratory conditions revealed 25°C as the optimum 
temperature for rearing and multiplication of the vector. The temperature at which 
the vector should have short developmental period, high fecundity and high per cent 
adult emergence is considered to be optimum. In the present study, 25°C satisfied 
all these requirements.This study confirms the reports on T. palmi under laboratory 
conditions by Palacio (1978) and by Wang and Chu (1990). However marginal 
differences in the number of eggs laid per day and the fecundity compared to the 
observations made by Wang et al. (1989) may be attributed to the different host$ 
used. 
In transmission experiments with a particular thrips species, a proper 
selection of plant species should be made for rearing and lnultiplication of the 
vector under controlled environmental conditions. The preferred plant species 
should have good tolerance for feeding and morphological fitness for easy recovery 
of tWps (Sakimura, 1961). Calilung (1990) observed the shortest develop~nental 
period and longest adult life ~e r iod  of T. palmi on watermelon under laboratory 
conditions. ln the present study among the various hosts tested cowpea was found 
to be the best host for rearing T. pulmi. Watermelon and cucumber, which harbored 
high number of T. pc~lnti under field conditions proved to be unsuitable for 
laboratory rearing. High condensation of moisture in glass vials by these hosts 
resulted in rotting of leaves within 5 days, even before the hatching occurred. 
Among the other six hosts tried in the present study greengram was not preferred 
due to its hairy nature. Although the total number of larvae produced per female 
and adult emergence were higher on greengrain than on cowpea, it was difficult 
to collect and transfer f i s t  instar larvae from greengram for the transmission 
studies. In addition the greengram leaflet was very thin and dried easily compared 
to cowpea. Groundnut was least prefemd because of low fecundity, low adult 
emergence and relatively short life span of the adult Hence cowpea was chosen 
to be the best host for rearing the vector. 
Host range of T. palmi was studied in 45 weeds, 17 vegetables, 15 crop 
93 
plants and 24 ornamentals. Among the weeds Ageratum conyzoides, Cassia tora, 
Parthertiurn histerophorus and C o m m e l i ~  bcngalensis harbored large number of T. 
palmi. These weeds were also recorded as the hosts for the virus (Reddy et al., 
1983). These weeds are usually abundant soon after the monsoon showers and are 
likely to serve as the reservoir hosts for PBNV and the vector. Crop plants such 
as blackgram, greengram, cowpen and soybean colonized large population of T. 
palmi. Therefore cropping with these short duration legumes, which are also hosts 
for the virus, either as a sole c r ~ p  or as intenrops is expected to increase PBNV 
incidence. All the cucurbitaceous vegetables, cucumber, pumpkin, ridge gourd, 
bottle gourd and bitter gourd supported high population of T. palmi. Several 
workers (Bournier, 1983; Nakahara et al., 19x4; Johnson, 19%; Denoyes ct ol., 
1988; Cooper 1991: Fauziah and Saharan, 199 1; Mau ct al., 1991 and Talekar, 
1991) foulid cucurbits and odler \egctiiblcs as rlic hoats uf 7: 11c111iri. (;rowing of 
these vegetables around groundnut crop may also result in high incidence of PBND. 
hi addition the annual and perennial ornamental hosts (Table 20) may also serve as 
sources for the multiplication and spread of T. polmi. The majority of these 
ornamentals are susceptible to PBNV. Re~noval of reservoir hosts unless practiced 
on a large scale, would not be of much use. Destroying weed reservoir hosts in 
small scale farms is not a practiclc measure, as several crop plants also harbor 
PBNV and the vector and thus provide continuing alternative sources of infestation. 
When T. palmi population was monitored under field conditions, JL 24 
which is susceptible to PBND under field conditions colonized significantly more 
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number of T. palmi than the PBND resistant genotypes i.e. lCGV Xh388.86031 and 
86430 in the both rainy seasons of 1991 and 1992 (Tables 17 and 18) indicating the 
resistance of the genotypes to the vector under field conditions. In both the rainy 
seasons T. palmi population and PBND incidence was very low at the beginning of 
the crop growth period (23 days after sowing), reached to maxhnum by 50 days 
after sowing and decreased thereafter indicating the primary spread of the disease 
by the vector. The results are in accordance with the findings of Amin (1985) who 
evaluated 3 groundnut genotype;, Robut 33-1, M 13 and TMV 2 for resistance to 
PBND and F. schultzci under field conditions. Robut 33-1 showed lower incidence 
of PBND than the other two genotypes, TMV 2 and M 13. Infestation of thrips 
was also lower on Robut 33-1 than the two cultivars which indicated resistance of 
the genotype to the vector under field conditions. 
T ,  paln~i failetl to transmit an isolate of PBNV from a source maintained lor 
2 years continuously by mechanical inoculation. Similar findings were observed by 
Paliwal(lY76) where F. fusca did not aansrnit TSWV, where the virus source was 
also maintained by mechanical inoculation for 2 years. In the case of two aphid 
transmitted viruses (bean yellow mosaic virus and pea enation mosaic virus) 
(Swenson et a/., 1964; and Tsai et al., 1974) and wound tumor virus, a leaf hopper 
transmitted virus (Black, 1969), either a complete loss or considerable decline in 
vector transmissibility was observed when the viruses were maintained by means 
of transmission other than that by the insect vectors. Therefore the results obtained 
with PBNV were similar to those reported for several insect transmitted viruses. 
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Based on the experimental results obtained in the present study, the 
following conclusions can be drawn. 
* Of the three thrips species tested, only T. palmi Wansmitted PBNV. 
* Maximum transmission resulted with 1 day AAP and 2 days IAP. 
* Serial transmission studies showed that the virus was persistent in T. palmi. 
* Biology studies at different temperatures indicated 2S°C as the optimum for 
rearing and multiplicatio,n of T. polmi. 
* Host suitability studies revealed cowpea as the most suitable host for rearing 
under laboratory conditions. 
* Host range studies of T. palmi showed a wide host range including 
leguminaceous, cucurbitaceous plants and some of the weeds found in 
groundnut fields. 
* T. pubrti populations ~no~iitorccl on selectcd PBND suscey~iblc and rcsisianl 
groundnut genotypes showed that the PBND susceptible genotype had 
significantly Inore number of T, pulmi than PBND resistant genotypes. 
* A PBNV isolate maintained for two years continuously by tnechaicdl sap 
inoculation lost the ability to bc transmitted by T. palmi. 
SUMMARY 
CHAPTER VI 
SUMMARY 
Studies were undertaken on the identification of thrips vector($ of peanut 
bud necrosis virus (PBNV) and PBNV-thrips vector relationships under laboratory 
conditions at ICRISAT Asia Center (IAC), A.P., lndia from IYYO to 92. Field 
studies were camed out to monitor the populations of principal thrips vector 
(Thrills pnlmi) in some PBND resistantlsusceptible genotypes at Directorate of 
Oilseeds Research (DOR), Rajendranagu, Hyderabad, A.P., lndia in rainy seasons 
of 199 1 and 19Y2. Host range of T. plrlmi was studied on several crop plants, 
vegetables, ornamentals and weed plants at LAC and at DOR, Rajendranagar, 
Ilyderabitd from 1OY2 to 93. 
Trans~nissio~l tests conducted with laboratory reared and field collected 
thrips species of Thrills pcrlnli, Fmr~klir~iel/(l schultzci and Scirtothrip.~ doraalis 
indicated that T.  pcllmi is the vector of PBNV of groundnut in lndia. F. schultzci 
and S. dorsnlis are proved as lion vectors. 
T.  polmi could not t r a n s ~ ~ t  PBNV throughout the larval period (5 days) and 
only freshly emerged adults h.ansrnitted the virus. T ,  polnri needed a minimum of 
X days latent period to transmit PBNV to groundnut. A single T, palmi adult was 
able to transmit PBNV and the maximum transmission (100%) was achieved with 
10 adults/groundnut seedling. Both male and female T. yalmi adults have 
transmitted the virus with equal efficiency. 
T. palmi failed to transmit an isolate of PBNV which was maintained 
continuously for 2 years by mechanical sap inoculations under glass house 
conditions. 
T. yalmi larvae could acquire the virus during 5 ~nin acquisition access 
period (AAP). However to achieve the maximum transmission percentage (67) 
with individual thrips, 1 day AAP was required. AAP longer than 1 day did not 
result in increase in the transmission percentage. A minimum of 1 day inoculation 
access period (IAP) was required to transmit PBNV by T. palmi adults. The 
frequency of uans~nission increased considerably with increased IAP. Two days 
IAP was considered as the optirnu~n for PBNV transmission. 
A simple ant1 easy method for ha~ldlillg singlc adult tllrips durii~g serial 
transmission studies was developed using 2 day old young groundnut seedling 
enclosed in a glass vial with cork. This method facilitated easy location and transfer 
of individual thrips in the seedling and transfer of individual thrips without any 
loss or mortality. Serial transmission studies indicated that most of the T. palmi 
adults can transmit the virus for more than half of their life period and increased 
AAP had no effect on the serial trans~nission of PBNV by T, pulmi. Erratic 
transmission of PBNV by T, palmi confirmed observations on other h i p s  
transmitted tospoviruses. Retention of PBNV throughout the life of T, palmi 
confirmed the persistent nature of the virus. 
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Studies on the biology of T. palmi at different temperatures indicated a 
significant and negative correlation between the temperatures and different 
developmental periods (egg, larva. pupa). The eggs did not hatch in to larvae at 
15'C. Very few eggs were laid at 35°C and the fecundity was highest at 25°C. 
Adult emergence was also highest at 25C. So 25°C was found to be the optimum 
temperature for rearing T. palmi under laboratory conditions. 
Studies conducted on host preferences by T. palmi under laboratory 
conditions using detached leaflet technique indicated that it could complete its life 
cycle very fast (7.8 days) on cowpea. Watermelon and cucumber which harboured 
large number of T ,  palmi under field ~onditions were proved to be unsuitable for 
laboratory rearing. Groundnut was the least preferred host. Cowpea was identified 
to be thc Ixst host for re,~ring and multiplic:ition of T. ~)alt?ii under labo~arory 
cond~tioos. 
Host range studies of T. palmi showed that crop plants such as cowpea, 
blackgram, greengram and soybean, most of the cucurbitaceous vegetables and some 
of the common weeds found in groundnut fields Viz., Ageratum conyzoi&s, 
Cornmelinu hengalensis, Cassia tora and Parrhenium histerophorus found to 
harbour large populations of T. palmi (more than 10 thripsl25 terminals). 
When T. palmi populations were monitored on selected PBND susceptible 
and resistant groundnut genotypes, PBND susceptible groundnut genotype (JL 24) 
showed significantly more number of T. palmi than the PBND resistant genotypes 
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(ICGV 86031, ICGV 86388 and ICGV 86430) indicating the resistance1 
susceptibility of the genotypes to the vector. 
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